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AIR-TO-AIR  TARGET  ACQUISITION: 
FACTORS  AND  MEANS  OF  IMPROVEMENT 

INTRODUCTION 


Air-to-air  target  detection  is  a  required  skill  for 
safety  purposes  in  commercial  and  general  aviation,  and  for 
tactical  purposes  in  military  aviation.  While  the  critical¬ 
ity  of  this  task  has  been  recognized  for  decades  and  while 
major  efforts  have  been  devoted  to  its  definition,  discus¬ 
sion,  and  modeling,  no  ready  solutions  have  been  put  forth 
to  provide  significant  performance  improvements. 

The  objective  of  this  current  study  is  to  filter  the 
large  amount  of  literature,  and  recommend  for  subsequent 
investigation  those  factors  which  might  be  improved  through 
training  or  aids.  This  objective  was  accomplished  by  the 
following  steps. 

1.  All  target  detection  (recognition,  acquisition) 
literature  was  computer  searched,  reports  were 
obtained,  and  all  were  screened  for  relevance  to 
the  air-to-air  problem. 

2.  A  comprehensive  bibliography  was  prepared  of  all 
relevant  reports  and  publications.  While  only  a 
small  proportion  dealt  directly  with  air-to-air 
target  detection,  a  major  proportion  of  this 
selected  literature  had  pertinent,  related  inform¬ 
ation.  This  bibliography  is  appended  to  the 
r epo  rt . 

3.  This  literature  was  reviewed,  summarized,  and 
categorized  into  groupings  relevant  to  the  stimu¬ 
lus,  the  task,  and  the  observer.  A  major  section 
was  also  devoted  to  modeling  of  the  visual  detec¬ 
tion  task,  as  such  models  form  an  often  useful 
framework  for  assessing  current  knowledge  and  sug¬ 
gesting  future  research. 

4.  Based  upon  the  results  of  this  literature  review, 
a  research  program  is  outlined  to  develop  possible 
improvement  in  air-to-air  target  detection  per¬ 
formance  . 
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OBSERVER  AND  PHYSICAL  CHARACTERISTICS  OF  THE  SEARCH  PROBLEM 


Stimulus  Characteristics 
Target  Size ,  Luminance ,  and  Position 

The  problem  of  visual  search  in  the  air-to-air  environ¬ 
ment  is  essentially  one  of  detecting  the  presence  of  another 
aircraft,  commonly  called  the  target,  with  sufficient  time 
to  respond  appropriately.  The  ability  to  detect  an  object 
by  the  unaided  human  eye  is,  fundamentally,  a  function  of 
the  apparent  size  of  that  object,  its  position  within  the 
field  of  view,  the  target's  luminance,  and  the  overall  lumi¬ 
nance  of  the  scene.  These  physical  characteristics  of  the 
visual  stimulus  interact  to  determine  the  target’s  threshold 
detectab il i ty . 

The  physiological  and  anatomical  properties  of  the 
observer  set  the  limits  on  the  range  of  detectability  and 
the  threshold  of  detection.  Thus,  the  stimulus  characteris¬ 
tics  should  be  understood  in  the  context  of  their  effect  on 
the  visual  perception  of  the  observer.  One  of  the  most 
extensive  psychophysical  studies  of  those  fundamental  varia¬ 
bles  was  conducted  by  Blackwell  (25),  in  which  stimulus 
area,  adaptation  luminance,  and  stimulus  contrast  were  sys¬ 
tematically  varied  within  a  10  deg  radius  field  to  obtain 
approximately  450,000  data  points  for  threshold  responses. 
The  overall  result  of  his  work  was  to  produce  a  set  of 
threshold  curves  relating  these  three  parameters.  As  might 
be  expected  intuitively,  it  was  found  that  at  a  given 
threshold  contrast  the  target  size  necessary  for  detection 
decreases  as  overall  luminance  increases  (Figure  1).  Stated 
differently,  larger  targets  require  less  overall  luminance 
and  less  contrast  for  threshold  detection.  These  findings 
are  consistent  with  the  results  derived  by  Zaitzeff  (236) 
from  the  data  of  Miller  (158)  that  visual  acuity  generally 
increases  with  increasing  luminance  over  a  more  extensive 
range  representative  of  the  air-to-air  search  environment. 
This  trend  can  be  observed  in  Figure  2. 

The  contrast  threshold  functions  of  Figure  1  reveal  two 
other  interesting  phenomena.  The  discontinuities  present  at 
approximately  2.5  x  cd/m 2  can  be  explained  in  terms  of  a 
shift  from  foveal  vision  to  parafoveal  vision  at  lower  lumi¬ 
nance  levels.  In  addition,  it  can  be  observed  that  thresh¬ 
old  contrast  becomes  relatively  constant  with  respect  to 
adaptation  luminance  at  high  luminance  levels  for  a  given 
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LOG  LIMINAL  CONTRAST 
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Figure 


LOG  ADAPTATION  BRIGHTNESS  (FOOTLAMBERTS) 

1.  Arithmetical  mean  of  threshold  contrasts,  plotted 
as  function  of  adaptation  luminance,  five 
stimulus  areas  (25) . 


LOG5  ILLUMINANCE,  FT-C 

Visual  acuity  as  a  function  of  illumination  (233, 
p.  30). 
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stimulus  area.  Moreover,  Blackwell  (25)  postulates  a 
fundamental  property  of  the  eye,  the  "critical  visual  angle" 
beyond  which  area  x  luminance  ceases  to  be  a  constant,  as 
indicated  in  Figure  3- 

o 

tr 

< 


LOG  LIMINAL  CONTRAST 

Figure  3-  Each  curve  represents  the  relation  between 

threshold  contrast  and  stimulus  area  for  a  given 
adaptation  luminance  (25). 


Contrast  is  defined  in  this  context  as  the  ratio  of  the 
difference  in  target  and  background  luminance  to  the  pre¬ 
vailing  background  luminance: 

c  =  (Lt  -  Lo>'Lo  (1) 

Blackwell  (25)  also  found  that,  in  general,  equal  positive 
and  negative  contrasts  are  equally  detectable. 

Target  luminance  is  thus  the  target  property  which 
largely  determines  contrast  and  influences  detectability. 
The  target  luminance,  LQ ,  can  be  obtained  by  multiplying  the 
illuminance  on  the  surface,  Ls ,  by  the  target  directional 
reflectance  factor,  R^.  However,  it  should  be  noted  that  a 
simple  increase  of  target  luminance  may  reduce  contrast  in 
full  daylight  conditions,  thereby  interfering  with  detection 
if  the  target  is  darker  than  the  background  initially. 


The  apparent  size  of  a  target  is  a  measure  of  the  angle 
(a,  in  minutes  of  arc)  subtended  by  the  target  at  the  eye  of 
the  observer.  It  can  be  approximated  for  small  targets  (u  < 
5  min)  to  be  the  angular  diameter  of  a  circle  of  equivalent 
area  AQ : 


=  1  293  Aq(1/2)R  or  2/R  /a t/v 

where 


(2) 


R  is  the  range  to  the  target,  and 

At  is  the  equivalent  target  area. 

Alternatively,  the  angular  subtense  of  a  given  size  object 
(d)  at  a  known  range  (R)  may  be  approximated  by  arctan  (d/R) 
for  small  angles. 

Shape  has  been  found  to  be  an  unimportant  parameter  for 
detection  of  small  targets  (4;  135).  Yet  Lamar  et  al . 
(138)  did  find  contrast  threshold  to  rise  as  targets  became 
narrower  and  longer,  i.e.,  as  the  ratio  of  length  to  width 
increases  (Figure  4). 

For  the  supr athr eshold  case,  as  well,  Miller  and  Ludvigh 
(162)  found  that  as  target  size  increased,  the  likelihood  of 
detecting  it  in  a  given  time  interval  also  increased.  One 
explanation  for  the  greater  detectability  of  larger  targets 
is  given  by  Lamar  et  al  .  (137)  according  to  the  quantum 
theory  of  cone  vision  which  considers  the  minimum  number  of 
these  retinal  receptors  necessary  for  the  perception  of  an 
image.  Instead  of  looking  at  size  in  terms  of  diameter, 
Lamar  et  al .  considered  the  perimeter  of  the  retinal  image 
and  found  that  average  retinal  threshold  contrast  decreases 
by  a  fractional  power  with  increasing  retinal  image  perime¬ 
ter  (Figure  5).  Lamar  et  al  .  (138)  concluded  that  contrast 
is  not  judged  over  the  area  of  the  target  but  across  its 
boundary  . 

While  the  Blackwell  (25)  data  have  provided  a  useful 
source  for  foveal  detection  thresholds,  the  investigations 
of  off-axis  detectability  by  Taylor  (206)  have  served  as  a 
standard  source  for  peripheral  threshold  data.  It  is  shown 
in  Figure  6  that  the  position  of  the  target  in  the  field  of 
view  is  another  determining  factor  in  detection.  As  the 
target  is  moved  outward  from  the  fixational  axis,  greater 
and  greater  contrasts  are  necessary  for  detection  thresholds 
to  be  reached .  This  is  particularly  true  for  smiller  tar¬ 
gets  and  is  directly  pertinent  to  the  development  of  visual 
search  models,  as  will  be  discussed  in  a  subsequent  section. 
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ANGULAR  AREA-SQUARE  MINUTES 


ANGULAR  AREA -SQUARE  MINUTES 


Figure  4.  UeLation  between  area  an<l  threshold  contrast  for 
different  ratios  of  Length  to  width  of 
rectangular  target 


The  threshold  gradient  curves  of  Sloan  (197),  although 
derived  from  a  rather  limited  subject  sample,  also  show,  for 
the  light  adapted  eye,  that  higher  levels  of  luminance  are 
needed  for  detection  of  a  target  of  given  si7,e  as  the  object 
is  moved  into  the  periphery.  This  is  equivalent  to  a 
requirement  of  greater  object  contrast  or  reduced  range  for 
target  detection  in  the  periphery. 
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LOG  PERIMETER -MINUTES 


Figure  5.  lie  I  a  t  ionsh  i  p  between  logarithm  ot'  retinal 

threshold  contrast  and  image  perimeter  (128) 


I  n  tervon ing  Media 

Background  Luminance  and  Target/Background  Contrast.  The 
physical  properties  of  the  stimulus  are  generally  mitigated 
by  the  intervening  media  between  the  observer  and  the  tar¬ 
get.  Thus,  target  contrast  is  not  a  simple  property  of  the 
object  but  must  be  specified  by  the  overall  background  lumi¬ 
nance  as  well.  Typical  values  of  sky  background  luminance 
for  various  conditions  are  provided  by  Townsend  and  Macs' 
(■>14)  in  Table  1  . 

In  the  case  of  nonuniform  backgrounds,  Taylor  (205) 
found,  for  an  3-deg  circular  background,  that  immediate  tar¬ 
get  background  luminance  is  the  prime  determinant  of  thresh¬ 
old.  These  effects,  which  may  be  of  limited  utility,  are 
shown  in  Figure  7.  It  is  generally  agreed,  however,  that 
local  target  contrast  is  the  most  critical  objective  factor 
in  target  acquisition.  Although  consensus  has  not  been 
reached  concerning  the  exact  mechanism  of  contrast  detection 
or  its  best  mathematical  formulation,  contrast  remains  a 
central  parameter  in  virtually  all  resear  di  of  i he  acquisi¬ 
tion  process  and  its  modi' l  i  ng  . 
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ECCENTRICITY 
(DEGREES  FROM  FIXA- 
TIONAL  CENTER) 

Figure  6.  Threshold  contrast  as  function  of  retinal 

position  and  target  size  for  binocular  photopic 
v i sion  (202) . 


In  an  early  report,  Koomen  (127)  discussed  the  possible 
critical  effects  of  low  contrast  levels  on  the  detection  of 
aircraft  at  high  altitudes.  He  stated  that  the  contrast  of 
a  plane  of  average  reflectance  may  hover  around  the  zero 
value.  Short  (195)  reports  similarly  that  under  typical 
daylight  conditions,  the  aircraft  contrast  ratio  generally 
ranges  from  0  to  5.0. 


The  Atmosphere .  The  atmosphere  acts  to  reduce  the  inher¬ 
ent  contrast  of  the  target,  C  ,  to  an  apparent  value  at  a 
given  range,  Cr .  A  thorough  investigation  regarding  the 
scattering  of  light  through  the  atmosphere  was  conducted  by 
Middleton  (157),  in  which  it  was  shown  that  luminous  flux  is 
attenuated  as  a  function  of  range.  This  relation  is 
expressed  as  F  =  F  e"°r  ,  where  a  is  the  extinction  coef¬ 
ficient,  and  ris  range. 

The  extinction  coefficient  is  defined  in  terms  of  the 
prevailing  visibility  conditions  as  o  =  3.912 /V ,  where  V  is 
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TABLE  1.  NOMINAL  LUMINANCE  OF  THE  HORIZON  SKY  (214,  p.  5). 


Subjective  condition 


Luminances,  cd/m 


Clear  day,  sunlit  cloud 
Overcast  day 


Heavily  overcast  day 


Sunset,  overcast 


Fairly  bright  moonlight 


Clear  night,  moonless 


Overcast  night,  moonless 


t- 


Figure  7.  Threshold  contrast,  1-min  circular  targets  seen 
against  8-deg  background  of  nonuniform  luminance 
w/dark  shroud  (205). 


meterological  sighting  range  based  on  atmospheric  condi¬ 
tions.  Meteorological  range  is  defined  as  that  distance  for 
which  the  contrast  transmittance  of  the  atmosphere  is  2?S. 
Thus,  apparent  contrast  is  given  by  C  =  C  0-3.9l2  K,V^ 
Therefore,  light  reflected  or  generated  by  the  object  and 
its  background  forms  a  predictable  retinal  image  contrast 
after  having  been  attenuated  by  the  intervening  atmosphere?. 


Type  of  Search  Field .  The  atmospher ic  conditions  and 
flight  path  determine  the  type  of  search  field  present  to 
the  observer.  Thus,  the  search  field  may  range?  from  the 
vast  empty  field  at  high  altitudes  to  a  complex  landing 
approach  field  under  clear  or  overcast  skies.  Such  differ¬ 
ent  types  of  possible  search  fields  provide  variations  in 
the  basic  problem  of  target  acquisition. 

For  example,  during  takeoff  and  landing,  very  little  time 
is  available  for  search  or  scanning.  Depending  on  the  field 
of  view  encountered,  Bloomfield  and  Modrick  (2G)  suggest 
that  the  eyes  of  the  observer  are  continually  being  adjusted 
to  provide  an  appropriate  view  of  whatever  is  of  interest  at. 
a  given  moment.  This  multidimensional  fluctuation  in  the 
search  field  makes  parametric  modeling  of  the  background 
clutter  difficult  if  not  impossible  for  all  flight  segments. 


Glare .  Glare  within  the  visual  field  can  become  a 
degrading  factor  in  the?  acquisition  task.  Sources  of  glare 
may  include  direct  rays  from  the  sun  or  re f 1 eoted  light  off 
the  sea  or  cloud  cover  below.  Ref  lections  off  surrounding 
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plain*  parts  may  contribute;  to  the*  glare  problem.  In 
general,  glare  may  be  defined  as  a  source*  of  luminance 
within  the  visual  field  that  is  sufficiently  greater  than 
the  luminance  level  to  which  the  eyes  are  adapted  to  cause 
reduced  performance*. 

On<;  Laboratory  study  (by  Luckiesh  and  Moss)  reported  in 
McCormick  (154)  investigated  the  effects  of  glare  from  vari¬ 
ous  angular  positions  within  the  field  of  view.  The  general 
results,  given  in  Figure  8,  indicate  that  the  degrading 
effects  of  glare  become  worse  as  the  glare;  source  gets 
closer  to  the  lint*  of  sight. 


GLARE  SOURCE 
(5  FC  AT  EYE) 


~  IOFC  ON  TEST 
yv\OBJECT 


42%  58% 


/ 


53%  47% 


69%  31% 


20 UJJM 

r  r 

-fZ+r-7. - £ - y  84% 

LINE  OF  SIGHT  f 

TEST  OBJECT 


- V  84%  16% 

?  f 

TEST  OBJECT  VISUAL 
(PARALLEL  BARS)  EFFECTIVENESS 
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Figure  8.  Kff,,',ts  of  direct  glare  on  visual  effectiveness 
( 154)  . 


'  i  r  •  ra  f  t  dtru-turo.  Perha|>s  the  most  significant  1  imi  1  a- 
i ion  imposed  on  the  field  of  view  of  the  searching  observer 
is  i  i.-  structure  of  t  ue  aircraft  itself.  Although  the  pr<*- 
degre.*  of  canopy  masking  vill  vary  from  aircraft  to 
a  i  i  r  i  t  i  ,  it  is  r«*po  r  t .  *d  by  ha  k”  r  (11)  that  as  1  i  1  t  1  >>  as  1  5' A 
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of  the  total  visual  field  is  available  in  certain  cases. 
Although  the  specific  data  are  not  provided  by  Baker,  the 
source  of  this  finding  is  a  1948  cockpit  visibility  study 
conducted  by  the  Civil  Aeronautics  Authority  which  reached 
this  conclusion  based  on  line-of-sight  limitations  and 
observations  of  pilots'  eye  movements  during  flight. 

Several  reports,  however,  do  provide  cockpit  visibility 
layouts  which  clearly  indicate  the  restricted  field  of  view 
available  to  the  pilot.  Ferguson  and  Goodson  (78)  furnish 
cockpit  information  for  the  F-4  aircraft  (Figure  9),  while 
Andrews  (4)  presents  approximate  cockpit  visibility  for  the 
pilot  of  a  PA-28  aircraft  (Figure  10).  Andrews  notes  that 
pilots  could  conceivably  search  areas  quite  far  to  the  left 
but  would  remain  severely  limited  in  overcoming  the  visibil¬ 
ity  problems  posed  by  searching  toward  the  right.  The  can¬ 
opy  also  greatly  restricts  visibility  below  and  above  the 
narrow  band  of  elevation  angle  defined  by  the  window  open¬ 
ings  . 

It  is  essentially  beyond  the  capability  of  the  human 
observer  to  overcome  such  "built-in"  limitations  upon  the 
field  of  view.  It  therefore  seems  unreasonable  to  expect  a 
pilot  or  flight  crew  not  only  to  acquire  any  target  which 
may  be  masked  by  aircraft  structure,  but  also  to  maintain  a 
line  of  sight  after  an  initial  detection.  The  fact  that  a 
large  number  of  mid-air  collisions  (occurring  under  condi¬ 
tions  of  clear  visibility)  have  been  attributed  to  a  human 
failure  to  acquire  or  maintain  visual  separation,  seems  to 
argue  for  the  use  of  electronic  aiding  devices  (the  Pilot 
Warning  Indicator  (PWI)  System  will  be  treated  in  later  sec¬ 
tions)  and/or  that  more  specific  information  be  provided  to 
commercial  and  general  aviation  aircraft  in  potential  colli¬ 
sion  situations  by  Air  Traffic  Control  (ATC)  networks. 

Moreover,  the  cockpit  canopy  attenuates  available  con¬ 
trast  by  an  additional  factor  caused  by  the  transmissivity 
of  the  windscreen,  which,  on  the  average,  can  be  considered 
to  be  equal  to  96%.  The  presence  of  scratches  and  nonuni¬ 
formities  in  the  windscreen  may  also  distort  the  available 
image.  This  problem  is  aggravated  further  by  curved  wind¬ 
screens  (e.g.,  F— 111). 


Relative  Motion  and  Available  Search  Time 

In  the  air-to-air  search  situation,  the  essential  task  is 
one  of  detecting  a  moving  target  from  a  moving  aircraft. 
Although  target  motion  is  not  likely  to  have  a  detrimental 
effect  on  detection  below  a  rate  of  10  deg/sec  angular 
velocity  (70),  it  does,  of  course,  contribute  to  relative 
motion  or  closing  rate  which  may  ultimately  (at  short  range) 
exceed  this  angular  velocity  and  thus  affect  detection. 


2.5x7 

MIRROR 


H=3.0 

W=3.8 


Figure  1).  Scaled  dimensions  of  F-4  cockpit  (all 
measurements  in  inches)  (78) . 


The  closing  rate  between  two  aircraft  on  a  collision 
course  predetermines  the  time  available  for  search,  detec¬ 
tion,  and  avoidance,  and  thereby  becomes  a  key  limiting  var¬ 
iable.  In  the  case  of  a  single  pilot,  the  time  available 
for  search  is  also  generally  limited,  by  the  time  necessary 
to  devote  to  the  primary  task  of  navigation.  Although 
search  is  a  vital  function  in  flying,  it  remains  a  secondary 
task  in  many  situations  to  the  pilot. 

When  two  aircraft,  (l)  and  (2)  respectively,  are 
approaching  one  another  at  the  same  altitude,  at  velocities 
of  VI  and  V2,  respectively,  the  time  before  one  passes  abeam 
the  other  is  given  by: 

t  =  (d)/Vl  +  V2(eos  |li1  -  (180  t  ![.,  )  j  )  .  (2) 

wli't-e  <i  is  distance  initially,  H  ^  is  heading  of  aircraft 
f  1  )  ,  and  H,,  is  heading  of  aircraft  (2).  The  t  -  >  m  "sear-'h 
*  im<-”  has  a  more  specific  meaning  in  the  "ontext  of  the 
ohcerv'M-  having  been  alerted  to  flu*  presence  of  a  target  . 
In  this  case,  it  refers  to  the  time  it  takes  to  detect  the 
target  somewhere  in  the  field  of  view,  where  searching  ha s 
become  the  primary  task. 


2  i 


BEARING  (DEG) 


Figure  10.  Approximate  cockpit  visibility  for  pilot  in  left 
seat  of  PA-28  (4 ,  p.  33) . 


Range 

Range  refers  to  the  distance  between  the  observer  and  the 
target  at  the  time  a  detection  is  made  or  required.  If  a 
target  were  located  outside  the  limits  of  meteorological 
visibility,  it  would  be  highly  unlikely  that  detection  could 
occur.  However,  at  some  range  less  than  the  liminal  object 
distance  (the  point  at  which  an  object  is  large  enough  for 
detection)  the  observer  becomes  aware  of  "seeing"  the  tar¬ 
get.  This  is  called  the  sighting  range. 

The  relation  between  range  and  detection  has,  in  fact, 
been  found  by  Parkes  (177)  to  be  an  inverse  linear  function 
in  a  simulated  static  search  task  (Figure  11). 

The  threshold  data  of  Blackwell  (25)  were  used  by  Duntley 
(64)  together  with  an  atmospheric  attenuation  factor  to  con¬ 
struct  nomographic  v i sib i 1 i ty 0c har t s  for  adaptation  lumi¬ 
nances  from  1 0--5  to  10^  cd/m"  ,  which  permit  the  limiting 
range  for  detection  to  be  found  by  extrapolation  for  any  set 
of  prevailing  conditions.  Nomographic  charts  for  full  day¬ 
light  conditions  and  overcast  sky  are  presented  in  Figures 
12  and  13(64). 
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Figure  11.  Regression  lines  showing  effect,  of  range  on 
detection  probability  for  paced  and  unpaced 
cond  i  t,  i  ons  (177). 


Another  set  of  nomographs  is  provided  by  Townsend  and 
Mace  (214)  which  shows  the  threshold  sighting  ranges  for  95% 
probability  of  detection  for  both  day  and  night  conditions. 
Charts  for  two  different  size  targets  and  contrast  levels 
are  given  in  Figures  14  through  19.  These  appear  to  be  more 
applicable  to  the  practical  problem  of  observer  confidence 
in  having  acquired  the  target.  The  Duntley  nomographs,  on 
the  other  hand,  employ  the  50%  detection  probabilities  of 
the  Blackwell  data. 


Glint 

Another  objective  factor  that  may  affect  target  acquisi¬ 
tion  is  referred  to  as  glint.  Glint  is  a  common  everyday 
phenomenon  which  occurs  whenever  a  light  source  is  reflected 
off  a  specular  surface  in  such  a  manner  as  to  produce  a 
focusing  of  the  rays.  Such  a  bright  flash  of  light  may  in 
certain  cases  enhance  detection  by  "catching  one's  eye," 
while  at  other  times  it  may  cause  a  temporary  "blinding"  of 
the  observer  with  a  subsequent  degrading  of  detection  capa¬ 
bility.  No  quantitative  data  on  glint  effects  are  known  to 
exist.  Because  it  cannot  largely  be  "created"  nor  con¬ 
trolled  in  the  air-to-air  search  situation,  it  has  appar¬ 
ently  not  been  researched  . 


Observer  Characteristics 

Acuity 

It  is  generally  agreed  that  search  time  and  search  per¬ 
formance  are  dependent  to  a  large  degree  on  visual  acuity. 
Grossman  and  Whitehurst  (95)  showed  that  subjects  with  bet¬ 
ter  than  20/20  acuity  located  targets  at  least  twice  as  fast 
as  subjects  with  20/40  or  20/50  acuity  (Figure  20),  implying 
that  subjects  with  "normal"  vision  will  perform  better  in  a 
search  situation.  There  has  been  demonstrated  a  low  posi¬ 
tive  correlation  (r  =  0.149)  between  near-vision  acuity  and 
far-vision  search  performance  (Johnston,  116). 

Erickson  (71,  72)  showed  that  peripheral  acuity  corre¬ 
lates  significantly  (r  =  -0.64,  p  <  0.01)  with  search  time: 
better  peripheral  acuity  is  associated  with  better  (shorter) 
search  times.  Burg  and  Hulbert  (44)  said  that  peripheral 
acuity  cannot  be  accurately  predicted  from  static  foveal 
acuity,  and  argued  for  the  testing  of  peripheral  acuity  to 
determine  search  performance  on  the  basis  that  better 
peripheral  acuity  would  lead  to  an  increased  proportion  of 
targets  being  detected  without  direct  foveal  viewing.  This 
would,  in  turn,  lead  to  correspond ingly  shorter  search 
times . 
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Nomograph  for  overcast  conditions  (64,  p. 
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SIGHTING  RANGE  FOR  THE  TARGET  OETECTED  AGAINST 
THE  HORIZON  SKY  FROM  THE  GROUND 
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Figure  14.  Sighting  range  for  target  detected  against 
horizon  sky  from  the  ground  (214). 
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Figure  16.  Sighting  range  for  target  detected  against 
horizon  sky  from  the  ground  (214), 
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Figure  17.  Sighting  range  for  target  detected  against 
horizon  3ky  from  the  ground  (214). 
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Figure  18.  Sighting  range  For  target  detected  against 
horizon  sky  from  the  ground  (214). 


Figure  19.  Sighting  range  for  target  detected  against 
horizon  sky  from  the  ground  (214). 
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It  has  been  demonstrated  that  larger  visual  fields  demon¬ 
strate  shorter  search  times  (Johnston,  114),  but  an  individ¬ 
ual's  sensitivity  to  movement  steadily  decreases  as  a  linear 
function  of  the  distance  from  the  fovea  to  the  target  image 
on  the  retina  (McClogin,  153),  perhaps  indicating  a  cut-off 
point  after  which  the  size  of  the  visual  field  makes  no  dif¬ 
ference.  Beyond  this  point,  an  observer's  acuity  or  sensi¬ 
tivity  may  be  so  weak  that  no  targets  are  detected,  even 
though  gross  movement  of  large  objects  can  be  seen. 

A  number  of  authors  (Miller,  158;  Reading,  186;  and  oth¬ 
ers)  have  noted  that  acuity  deteriorates  markedly  with 
increases  in  target  velocity  (Figures  21  and  22).  Ludvigh 
and  Miller  (148)  attribute  this  drop  in  acuity  to  movement 
of  the  image  on  the  retina  and  the  resulting  loss  of  subjec¬ 
tive  contrast.  Erickson  (71)  states  that  at  higher  target 
velocities,  foveal  acuity  is  a  more  important  factor  than 
peripheral  acuity  in  search-type  tasks.  The  better  acuity 
of  the  fovea  as  compared  to  the  periphery  leads  to  shorter 
identification  times.  These  high  velocities  require  a  more 
sensitive  area  of  the  retina  for  detection.  This  reasoning 
appears  quite  appropriate. 

There  seems  to  be  general  agreement  that  there  exists  a 
low  positive  correlation  between  static  visual  acuity  and 
dynamic  visual  acuity  (DVA)  (Weissman  and  Freeburne,  222, 
and  others).  Burg  and  Hulbert  (44)  found  a  correlation  of  r 
=  0.1798,  p  <  0.001.  However,  Weissman  and  Freeburne  (222) 
also  noticed  that  this  correlation  disappears  at  higher  tar¬ 
get  velocities,  150  deg/s  and  higher.  Elkin  (67)  summarizes 
this  effect  by  saying  that  good  static  acuity  is  a  necessary 
but  not  sufficient  condition  for  good  DVA  (i.e.,  in  order  to 
have  good  DVA,  it  is  necessary  to  have  good  static  acuity, 
but  good  static  acuity  does  not  necessarily  lead  to  good 
DVA)  . 

Miller  and  Ludvigh  (164),  in  examining  the  effect  of  rel¬ 
ative  movement  upon  visual  acuity,  noted  that  a  subject's 
acuity  in  a  condition  where  the  target  is  moving  is  approxi¬ 
mately  the  same  as  in  a  condition  where  the  subject  himself 
is  in  motion  (Figure  23).  It  should  make  no  difference  to 
the  observer  if  the  target  appears  to  be  moving,  or  if  the 
observer  himself  appears  to  be  moving  with  respect  to  the 
target.  His  DVA  should  remain  the  same. 

There  appear  to  be  consistent  and  predictable  age  differ¬ 
ences  in  acuity.  Burg  (43)  noted  that  the  size  of  the  vis¬ 
ual  field  of  view  (visual  field)  is  at  a  maximum  at  roughly 
age  30,  and  the  size  of  the  field  decreases  after  age  35. 
This  finding  was  also  noted  by  Low  (146),  who  said  that  age 
does  not  alter  the  size  of  the  visual  field  until  after  age 
40. 
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Mean  search  time  as  function  of  visual  acuity 
and  masking,  data  combined  across  range  and 
subjects  (95). 


Figure  21.  Mean  dynamic  visual  acuity  threshold  values  of  9 
subjects  obtained  in  horizontal  and  vertical 
planes  of  pursuit  (158). 


Burg  (43)  reported  that  females  have  slightly  larger 
visual  fields  than  do  males,  but  sex  was  not  found  to  be  a 
significant  factor  in  another  experiment  by  Low  (146).  How¬ 
ever,  Low  had  a  fairly  restricted  subject  pool  (100  sub¬ 
jects)  as  compared  to  Burg  who  used  17,300  in  a  rather  rig¬ 
orous  experiment  (Figure  24). 

As  for  fatigue  effects  on  visual  acuity,  Behar,  Kimball, 
and  Anderson  (21)  state  that  acuity  decreases  with  fatigue, 
and  intrasubject  variability  increases,  especially  at  higher 
target  velocities  (Figure  25).  The  subjects  in  this  study 
were  allowed  only  3-5  hours  of  sleep  a  night  for  five  days. 
This  very  small  amount  of  sleep  may  not  present  itself 
except  during  a  heavy  combat  situation. 

However,  Davies  and  Tune  (54)  noted  that  a  lookout's  vig¬ 
ilance  began  to  deteriorate  almost  as  soon  as  he  began  his 
ta3k,  and  reached  a  minimum  after  a  few  minutes.  This  could 
be  due  to  the  f at igue- i nduc ing  effects  of  vigilance  tasks, 
and  may  indicate  the  need  to  continuously  monitor  an 
observer  under  visually  impoverished  conditions. 


A  number  of  investigators  have  examined  the  effect  of 
practice  on  peripheral  vision,  and  all  have  noted  that 
peripheral  vision  improves  with  practice  (Figure  26).  The 
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Figure  22.  Dynamic  visual  acuity  as  function  of  speed  of 
target  movement  (186). 


diminution  of  the  peripheral  field  with  increased 
concentration  can  be  alleviated  with  training  (Leibowitz, 
144).  Erickson  (72)  noted  as  an  aside  that  his  subjects 
appeared  to  improve  in  peripheral  visual  acuity  from  session 
to  session  (Table  2).  Low  (146)  showed  that  peripheral  vis¬ 
ual  acuity  can  be  improved  with  training,  but  this  improve¬ 
ment  is  very  slow.  Its  principal  requirements  are  long  con¬ 
tinued  practice,  unlimited  viewing  time  during  practice,  and 
stationary  test  objects. 

It  may  be  possible  to  improve  peripheral  static  acuity 
with  training,  but  it  seems  that  it  may  take  a  good  deal  of 
time,  which  may  limit  the  usefulness  of  such  training  in  an 
applied  setting.  Another  question,  of  course,  is  the  gener¬ 
alization  of  such  training  to  the  flight  environment. 

It  is  generally  agreed  that  DVA  can  be  improved  with 
practice  (Behar  et  al.,  21;  Burg  and  Hulbert,  44;  Miller  and 
Ludvigh,  164).  But  there  appear  to  be  large  individual  dif¬ 
ferences.  Miller  and  Ludvigh  (164)  report  that  DVA  improves 
at  a  greater  rate  for  higher  target  velocities,  and  if  there 
is  any  improvement  to  be  made  at  all  in  DVA,  it  occurs 
fairly  rapidly  (Figures  27  and  28). 

There  appears  to  be  a  leveling  off  of  improvement  in  DVA 
with  practice,  which  may  indicate  some  limited  usefulness  of 
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Figure  23-  Comparison  of  visual  acuity  with  test  object 
moving  versus  observer  moving  (164,  p.  93). 


training.  It  seems  that  practice  can  improve  DVA  to  a 
certain  level;  again,  its  generalization  to  the  air-to-air 
search  task  must  be  demonstrated. 


Accommodation  and  Myopia 

More  will  be  said  in  a  later  section  about  myopia  and 
accommodation  as  a  response  to  the  search  situation  (espe¬ 
cially  the  empty  field),  but  it  deserves  a  few  general 
remarks  here. 

Whiteside  (226,  227)  and  Brown  (42)  seem  to  be  the  first 
authors  to  examine  myopia  and  accommodation  as  a  problem 
encountered  in  flight.  They  also  appear  to  be  the  first 
investigators  to  measure  quantitatively  accommodation  in 
response  to  high  altitude,  empty-field  conditions. 

Whiteside  (226)  found  that  subjects  cannot  voluntarily 
relax  accommodation  to  infinity,  although  they  do  exhibit  a 
certain  amount  of  voluntary  control  over  accommodation, 
being  able  to  obtain  approximately  a  1.7  diopter  level. 
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Figure  24.  Total  visual  field  by  age  and  sex  (43,  p.  13) 


In  another  study  (Whiteside,  227),  it  was  shown  that  the 
time  required  for  accommodation  to  reach  a  resting  level 
after  the  disappearance  of  structure  from  the  field  is 
roughly  60  s,  whether  this  relaxation  was  voluntary  or 
resisted  by  the  subject. 

The  phenomenon  of  night  myopia,  as  distinct  from  empty 
field  myopia,  was  examined  by  Koomen,  Scolnik,  and  Tousey 
(128).  This  first  occurs  at  the  luminance  level  where  rod 
vision  begins  to  predominate  over  cone  vision,  and  the  myo¬ 
pia  grows  larger  as  the  luminance  level  is  reduced  further 
(Figure  29).  They  concluded  that  night  myopia  and  its 
dependence  upon  the  luminance  level  is  primarily  due  to 
undercorrected  spherical  aberration  of  the  eye.  They  showed 
that  accommoda tion  is  not  a  significant  factor  in  night  myo¬ 
pia,  as  they  were  able  to  induce  myopia  when  accommodation 
was  prevented  by  drugs  or  by  an  optical  method. 

Smoking,  it  appears  (Powell,  181),  has  a  definite  adverse 
effect  upon  the  eye's  ability  to  accommodate  to  varying  dis¬ 
tances.  In  summarizing  a  series  of  eight  papers,  Powell 
(181)  noted  that  smoking  first  stimulated  then  depressed  the 
function  of  accommodation .  No  data  were  given  as  to  the 
amount  smoked,  nor  were  there  any  data  over  time  given. 


DAY  OF  EXPERIMENT 

Figure  25 .  Variation,  DVA  mean  scores  over  experimental 
days,  and  hypothetical  practice  functions 
expected  in  absence  of  fatigue  (21)  . 


Woodson  and  Conover  (23^)  describe  empty-field  myopia  as 
a  condition  in  which  the  eyes  tend  to  accommodate  for  a  dis¬ 
tance  of  about  six  meters  in  front  of  the  observer.  How¬ 
ever,  this  "resting"  distance  varies  from  one  observer  to 
another . 


Whiteside  and  Campbell  (in  Matthews  et  al . ,  156)  define 
empty-field  myopia  as  the  condition  in  which  an  observer 
with  normal  eyesight  performing  a  target  acquisition  task  in 
a  bright,  textur^less  field  is  myopic  by  about  0.5  to  2.0 
diopters.  In  examining  the  effect  of  accommodative  aids  (in 
the  form  of  grids  or  dots  projected  over  the  search  area)  , 
Matthews  et  al.(156)  performance  levels  were  25%-30%  lower 
with  an  empty  field  as  opposed  to  performance  with  an  accom¬ 
modative  aid.  Auxiliary  techniques  to  reduce  the  effects  of 
empty  field  and  night  myopia  will  be  discussed  subsequently. 
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Figure  2b.  Mean  peripheral  acuity  score  from  sessions  2  and 
5  (7  1,  p.  19)  • 
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TABLE  2.  FOVEAL  ACUITY,  SEARCH  TIME  CORRELATIONS  (72,  p.  175) 


Fovea 1 

Acuity  Score 

Session 

Number 

Right  eye 

Left  eye 

Best  eye 

1 

0.271 

0.195 

0.171 

2 

0.335 

-0.016 

-0.012 

3 

0.235 

0.020 

0.035 

4 

0.  329 

0.331 

0.288 

5 

0.088 

0.068 

0.076 

6 

0.046 

0.466 

0.468 

Average 

0.303 

0.192 

0.184 

Density,  16 

0.470 

0.407 

0.443 

Density,  32 

0.360 

0.183 

0.142 

Density,  48 

0.116 

0.114 

0.109 

a 

Correlation  is  significant 

at  the  0 

.05  level  or  better 

•. 

r 


t 


Average 

0.290 

0.225 

0.177 

0.402 

0.100 

0.279 

0.313 

0.54ia 
0. 344 
0.145 


VISUAL  ACUITY,  MINUTES  OF  ARC 


Figure  27.  Effect  of  practice  on  dynamic  visual  acuity 
(164,  p.102). 
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Figure  2b.  Mean  threshold  values  of  20  poorest  and  20  best 
performers  (164,  p.  102). 
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Figure  29.  Night  myopia  versus  luminance  (128,  p.  85). 


Other  Characteristics 

Many  other  observer  factors  have  been  examined  within  the 
context  of  target  acquisition.  Motivation  and/or  the  rela¬ 
ted  incentive  can  have  a  positive  effect  upon  search  per¬ 
formance.  Bahrick  et  al.(8)  showed  that  a  condition  of  high 
incentive  facilitates  the  detection  of  stimuli  presented 
peripherally. 

Opposed  to  this,  a  lookout's  vigilance  begins  to  deterio¬ 
rate  almost  as  soon  as  he/she  begins  a  search  task  (Davies 
and  Tune,  5*4).  Leibowitz  (1*43)  notes  that  peripheral  detec- 
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tion  decreases  with  increasing  stress,  and  peripheral 
detection  also  decreases  in  severe  vigilance  tasks.  This  is 
attributed  to  the  narrowing  of  the  visual  field  due  to  high 
levels  of  concentration,  a  result  also  demonstrated  by  Gas- 
son  and  Peters  (83).  They  showed  that  the  size  of  the  bino¬ 
cular  peripheral  field  decreases  with  increasing  concentra¬ 
tion  on  a  central  task.  The  percent  shrinkage  ranged  from 
6%  to  46%. 

Some  sort  of  incentive  is  necessary  to  maintain  perform¬ 
ance  in  a  search  task,  but  this  incentive  should  not  place 
an  unusual  amount  of  stress  on  the  observer,  as  it  may  lead 
to  reduced  peripheral  detection  rates. 

Behar  et  al .  (21)  found  that  fatigue  in  pilots  leads  to 
an  increase  in  the  variability  of  dynamic  visual  acuity 
(Figure  25).  These  changes  in  acuity  correlated  only  moder¬ 
ately,  however,  with  the  pilot's  subjective  estimate  of 
fatigue  intensity.  This  points  to  the  need  to  use  a  more 
reliable  device  than  pilot's  self-evaluation  to  monitor 
fatigue  intensity. 

Smoking  has  been  found  not  only  to  depress  the  accommoda¬ 
tion  function  of  the  eye  (178)  but  also  to  have  a  detrimen¬ 
tal  effect  on  search  ability  due  to  its  adverse  effects  on 
peripheral  acuity  (113). 

In  examining  transport  accidents,  primarily  involving 
trains,  Davis  (58)  found  four  conditions  which  lead  to  oper¬ 
ators  failing  to  see  signal  lights  ahead  of  them  in  dark¬ 
ness:  (1)  low  anxiety  levels  (especially  after  a  period  of 
high  anxiety);  (2)  strong  expectations  about  what  is  ahead; 
(3)  the  operator  setting  up  a  false  hypothesis  about  the 
conditions  to  relieve  anxiety;  and  (4)  if  one  aspect  of  the 
task  at  hand  requires  a  good  deal  of  concentration,  the 
operator  will  construct  hypotheses  about  other  aspects  of 
this  task.  Davis  implies  that  these  coalitions  will  lead 
the  operator  to  see  what  he  expects  to  see,  not  necessarily 
what  is  actually  present. 

Anxiety  may  often  enhance  the  tendency  to  form 
hypotheses.  A  person  can  tolerate  some  uncertainty  in  a 
given  situation  when  anxiety  is  at  a  low  level.  He  or  she 
may  be  able  to  wait  for  more  information  before  taking 
action  or  adopting  an  hypothesis  about  what  is  occurring. 
However,  if  anxiety  is  aroused,  one  tends  to  adopt 
hypotheses  about  the  situation  on  the  basis  of  incomplete 
information  and  then  act  on  those  hypotheses. 

Low  anxiety  levels  after  a  period  of  high  anxiety  may 
lead  to  the  creation  of  false  hypotheses,  as  the  subject  may 
feel  that  the  worst  is  over  and  may  relax  his/her  attention. 


Strong  expectations  about  conditions  may  come  from  long 
experience  in  similar  situations,  situations  in  which  he/she 
has  made  confident  and  correct  appraisals.  The  operator  may 
be  alert  for  expected  departures  from  normal  operation.  If 
he/she  is  not,  he/she  may  misread,  or  fail  to  read,  changes 
in  the  situation. 

Two  studies  examined  dynamic  states  of  the  cockpit  and 
pilot  performance  (Besco,  23;  White  and  Monty,  225).  Both 
studies  concluded  that  pilot  performance  on  a  tracking  task 
decreases  with  the  increase  of  unusual  gravitational  forces 
such  as  vertical  accelerations  (Figures  30  :.,ri  31). 


ACCELERATION,  G 

Figure  30-  Foveal  thresholds  as  a  function  of  acceleration 
(225,  p.  71). 


Similarly,  Clark  (49)  found  that  unusual  vestibular  stim¬ 
ulation  leads  to  errors  in  the  actual  perception  of  the 
stimulus.  During  these  periods  of  unusual  vestibular  stimu¬ 
lation  (such  as  in  steep  dives,  etc.),  the  only  information 
that  may  be  reliable  is  the  fact  that  there  is  a  target  out 
there.  Its  exact  position,  however,  may  be  erroneously  per¬ 
ceived. 

Davies  and  Tune  (5*0  remarked  that  there  was  no  substan¬ 
tial  evidence  of  a  relationship  between  intelligence  and 
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Figure  31.  Peripheral  thresholds  as  a  function  of 
acceleration  (225,  p.  71). 


detection  of  targets.  There  exists  some  evidence  that 
younger  people  perform  better  and  there  is  no  evidence  sup¬ 
porting  sex  differences  (even  though  acuity  differences  have 
been  found).  They  note  that  extroverts  make  fewer  correct 
detections  than  introverts,  and  they  may  show  a  greater 
decrement  in  performance  with  time  on  task. 

There  was  a  significant  correlation  (r  =  0.66,  p  <  0.001; 
Thornton,  Barrett,  and  Davis,  213)  between  perceptual  style 
and  the  ability  to  correctly  identify  targets  in  aerial  pho¬ 
tographs.  Perceptual  style  is  a  concept  used  to  describe  a 
continuum  extending  from  field  independence  (high  profi¬ 
ciency  in  pulling  an  item  from  an  embedding  context)  to 
field  dependence  (lower  proficiency  in  pulling  an  item  from 
an  embedding  context).  This  has  applicability  in  training 
for  target  detection.  It  is  well-known  that  even  with 
training,  a  wide  range  of  individual  differences  exists  in 
detection  ability.  Using  the  concept  of  perceptual  style, 
it  may  be  possible  to  tailor  training  to  the  individual  to 
perhaps  eliminate  these  differences.  Conversely,  aircrew 
selection  based  upon  field  dependency  may  be  a  criterion 
useful  in  achieving  a  greater  target  detection  capability. 

Monk  (167)  demonstrated  a  significant  sequential  effect 
in  target  acquisition.  He  noted  that  the  time  required  to 
locate  a  target  decreased  significantly  if  the  target  on  the 
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previous  trial  was  in  the  same  place.  This  seems  to  imply 
that  observers  tend  to  search  for  targets  first  where  a  tar¬ 
get  has  recently  appeared  (or  typically  appears).  This 
would  tend  to  produce  a  high  probability  of  fixation  in  that 
portion  of  the  visual  field  which  would  reduce  the  fixation 
rate  in  the  rest  of  the  field.  To  increase  the  probability 
of  target  detection  over  the  entire  field,  one  should  avoid 
this  sequential  effect,  perhaps  through  making  the  observers 
aware  of  the  problem,  or  perhaps  through  training. 


Search  Situation 


Response  to  an  unstructured  field .  Pilots  and  observers 
in  planes  at  high  altitudes  Cespecially  35,000  ft  or  higher) 
frequently  report  difficulties  in  the  visual  detection  of 
other  aircraft.  The  primary  cause  of  this  difficulty  is  the 
lack  of  structure  and  detail  in  the  visual  field. 

This  "empty  field"  state  can  lead  to  a  disorientation  of 
the  observer.  He  cannot  really  be  sure  where  he  has  already 
searched,  nor  where  he  has  yet  to  search  (156;  75).  There 
is  also  very  little  feedback  from  the  ocular  muscles,  lead¬ 
ing  the  observer  to  be  unsure  of  where  the  eyes  are  aimed 
without  having  some  detail  to  fixate  upon  (Avant,  6).  As  a 
result  of  this,  the  observer  may  orient  himself  with  respect 
to  some  sort  of  internal  coordinate  system  that  may  not  cor¬ 
respond  to  the  coordinate  system  of  the  aircraft.  This 
action  may  lead  to  two  types  of  occurrences:  (1)  the 
observer  may  perceive  a  target  which  is  straight  ahead  to  be 
on  a  noncollision  course  and  take  no  evasive  action,  and  (2) 
the  observer  may  perceive  a  target  which  is  on  a  noncolli¬ 
sion  course  to  be  on  a  collision  course  and  may  take  exces¬ 
sive  or  inappropriate  evasive  maneuvers. 

Avant  (6)  reported  that  prolonged  exposure  to  a  homogene¬ 
ous  (i.e.,  empty)  visual  field  may  lead  to  a  failure  of  the 
perceptual  mechanism:  an  actual  temporary  cessation  of 
vision.  This  state  was  immediately  terminated  with  the 
injection  of  figures  into  the  empty  field,  even  if  the  fig¬ 
ures  could  not  be  identified.  In  a  situation  where  an 
observer  is  informed  by  some  other  means  of  the  presence  of 
a  target  in  a  homogeneous  visual  field,  lengthy  search  may 
lead  to  such  a  failure  of  the  visual  system.  This  could  be 
remedied  by  having  the  observers  repeatedly  glance  at 
instruments  or  some  other  detail  of  the  aircraft  to  termi¬ 
nate  this  failure. 

Observers  report  a  number  of  subjective  responses  to 
exposure  to  an  empty  field.  Some  report  a  sensation  of 
being  immersed  in  a  "sea  of  light"  (Avant,  1965).  As  the 


illumination  increased,  the  observers  noted  that  the  fog 
condensed  into  a  regular  curved  surface  which  surrounded  the 
observer  on  all  sides.  With  further  increases  in  illumina¬ 
tion,  the  surface  flattened  out  into  a  plane.  This  tendency 
may  lead  to  problems  in  depth  perception  and  errors  in  esti¬ 
mating  the  range  to  targets  detected. 

Other  observers  have  noted  an  apparent  persistence  of 
motion  of  objects  seen  in  an  otherwise  empty  visual  field 
(Cohen,  50;  Hiller  and  Ludvigh,  163).  A  spontaneous  autoki- 
netic  effect  has  been  observed  with  a  stationary  stimulus  in 
an  empty  field  (Cohen,  50,  51;  Miller  and  Ludvigh,  161). 
This  may  present  difficulties  when  there  is  no  relative  mo¬ 
tion  between  the  target  and  the  observer.  The  observer  may 
perceive  the  target  as  moving  with  respect  to  the  observer 
himself  when  in  fact  it  is  not,  resulting  in  erroneous  per¬ 
ception  of  danger,  or  erroneous  evasive  action. 

Miller  and  Ludvigh  (161)  also  report  the  disappearance  of 
targets  while  being  fixated  by  an  observer  in  a  homogeneous 
field.  They  believe  that  accommodation  mechanisms  are  not 
responsible  but  do  not  suggest  any  possible  causes. 

Another  difficulty  encountered  in  the  empty  field  is  that 
of  empty  field  myopia  (see  the  section  "Accommodation  and 
Myopia").  In  the  absence  of  structure,  the  eye  generally 
"relaxes"  its  accommodation  to  a  point  about  six  meters  in 
front  of  the  observer.  This  relaxation  is  involuntary  and 
leads  to  many  problems  in  target  detection.  It  takes  less 
than  one  minute  for  this  to  occur,  causing  problems  in 
acquisition  very  soon  after  encountering  empty  field  condi¬ 
tions. 

Targets  may  suddenly  "jump  into  focus"  at  a  position  much 
closer  to  the  observer  than  their  detection  range  under  nor¬ 
mal  conditions.  This  leaves  little,  if  any,  time  for  eva¬ 
sive  action  should  it  be  necessary. 


Response  ija  a  Congested  Field.  In  a  congested  field  sit¬ 
uation,  the  difficulty  in  target  detection  lies  in  the 
necessity  of  having  to  pick  the  target  out  of  "noise." 
Baker  et  al.  (12)  reported  that  both  search  time  and  error 
rate  increased  as  a  function  of  the  number  of  irrelevant 
forms  on  the  complex  display.  The  same  result  was  noted  by 
Erickson  (72):  Search  performance  decreased  when  object 
density  was  increased  (Figure  32). 

This  relationship  would  present  problems  where  air  traf¬ 
fic  is  fairly  dense,  such  as  near  airports  and  in  well-used 
paths,  or  when  viewing  aircraft  from  above  a  ground  "back¬ 
ground."  The  problem  is  not  one  of  detection  in  this 
instance  but  rather  identification  of  the  criterion  target 
among  a  number  of  nontargets. 
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NUMBER  OF  OBJECTS  IN  DISPLAY 


Figure  32.  Search  time  for  blob  and  ring  displays  of 
various  object  density  (72,  p.  170). 


Enoch  (68,  69)  reports  that  there  is  a  tendency  for  the 
number  of  fixations  to  increase  the  closer  one  gets  to  the 
center  of  the  field,  and  a  target  is  more  likely  to  be 
detected  the  closer  it  is  to  the  center  of  the  visual  field. 
In  contrast  to  this,  Baker  et  al .  (12)  and  Erickson  (71) 
report  that  targets  located  midway  between  the  center  of  the 
field  and  the  periphery  were  most  quickly  found  (Figure  33). 

The  problem  in  the  congested  field,  it  seems,  is  the 
opposite  of  that  in  the  empty  field.  in  the  empty  field, 
there  is  too  little  to  see,  whereas  in  the  congested  field, 
there  is  too  much  to  see.  In  the  empty  field,  the  visual 
signal-to-noise  ratio  is  low  because  there  is  too  little 

is  low  because  there  is 


signal;  in  the  congested  field, 
too  much  noise. 


Competing  Tasks  of  •  According  to  Wior- 
wille  and  Williges  (229),  very  little  is  known  about  the 
quant i tat i ve  effects  of  operator  workload  upon  visual  detec¬ 
tion,  or  visual  performance  in  general.  The  only  slightly 
related  study  is  one  by  Bate  and  So  1  f  (19)  that  us<>d  a  simu¬ 
lated  side-looking  radar  display.  Bv  randomly  blanking  the 
display  0,  25%,  50%,  or  75%  of  t  h»*  time,  t  hoy  determined 
that  ground  target  detection  decreased  and  false  alarm  rate 
increased  significantly  with  increased  blanking.  Clearly, 


KEY  TO  TARGET  POSITION 


Figure  33.  Search  time  as  function  of  radial  position  of 
target  on  problem  display  (12,  p.  58). 


greater  time  sharing  with  other  activities  will  probably 
detract  from  an  air-to-air  search  task;  however,  quantita¬ 
tive  relationships  have  yet  to  be  determined  empirically. 


Eye  Movements 

One  of  the  most  noteworthy  studies  pertaining  to  the 
nature  of  eye  movements  was  conducted  by  Ford  et  al .  (79), 
in  which  eyeball  movements  were  plotted  from  corneo-retinal 
potentials  by  the  technique  of  electro-oculography.  Some  of 
the  major  results  that  are  discussed  in  the  section  on  "Mod¬ 
eling"  deal  with  the  duration  of  each  fixation  and  the 
extent  of  angular  movement  between  fixations.  This  movement 
of  the  eyeball  between  periods  of  fixation  is  referred  to  as 
saccadic  motion,  and  it  is  so  rapid  in  comparison  to  the 
time  spent  in  fixations  to  be  often  consiiered  negligible. 
Ford  et  al.  (79)  report,  however,  that  sacoades  may  com¬ 
prise  as  much  as  15%  of  the  time  spent  during  search.  The 
basic  results  of  this  study  are  presented  graphically  in 
Figures  34,  35,  and  36,  showing  the  frequency  distribution, 
average  fixation  time,  and  average  angular  travel  during 
saccades,  respectively. 
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FREQUENCY 


Figure  34.  r  t  oquon  -y  d  i  s;  ribut  ion  ol  number  of  f  i  xations 
made  during  f>-s  s-ar -h  periods  (79,  p.  290). 
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EYE  MOVEMENT, DEG 

Figure  36.  Frequency  distribution  of  distances  between 

successive  fixations,  in  terms  of  visual  angle 
(79,  p.  291). 


Almost  all  of  the  knowledge-gathering  function  of  the  eye 
occurs  during  fixations.  Saccadic  motion,  in  a  sense,  is 
the  vehicle  which  determines  where  the  next  fixation  will 
occur.  Ford  et  al.  (79)  found  that  the  pathway  of  eye 
movements  is  seldom  straight.  Moreover,  it  was  determined 
that  even  when  subjects  were  allowed  to  search  "freely," 
there  was  a  definite  pattern,  or  spatial  distribution  of 
fixation,  which  was  similar  for  the  eye  movement  of  all  six 
subjects.  It  was  suggested  that  the  exact  configuration  of 
such  uneven  d i str ibutions  may  be  determined  by  the  size  and 
shape  of  the  field.  It  was  proposed  that  the  duration  of 
fixations  may  be  longer  when  the  field  being  scanned  con¬ 
tains  complex  or  unfamiliar  material. 

Enoch  (68)  found  that  either  trained  or  untrained  sub¬ 
jects,  when  viewing  aerial  photographs,  initially  utilize  a 
characteristic  pattern  of  eye  movement  which  is  repeated 
with  a  high  degree  of  similarity  by  the  same  individual.  He 
calls  tnis  the  individual's  basic  search  pattern.  (Noton 
and  Stark  (173)  have  renamed  this  same  consistency  "scan- 
paths.")  This  basic  pattern  will  become  more  "specific"  when 
some  sort  of  a  clue  or  cue  ^s  to  the  potential  target  loca¬ 
tion  is  provided.  Without  such  cues,  the  observer  will  tend 
to  expand  upon  or  repeat  the  initial  pattern. 


FIXATION 


However,  Luria  et  al  .  (149)  report  that  subjects  did  not 
exhibit  a  reliable  pattern  of  scanning  during  search  of  a 
coded  array  of  dials;  two  subjects  did  employ  a  systematic 
pattern  when  searching  an  embedded  array.  These  reports 
should  perhaps  be  regarded  with  reserve  since  only  four  sub¬ 
jects  participated  in  the  study.  Their  conclusion  that  sys¬ 
tematic  or  random  scanning  is  a  function  of  conditions 
seems,  nonetheless,  to  be  valid. 

In  another  similar  study,  Enoch  (68)  found  that  as  the 
size  of  the  display  increased,  the  duration  of  fixations 
decreased  while  the  interfixation  distance  increased  (Fig¬ 
ures  37  and  38).  It  was  also  reported  that  coverage  of  the 
display  area  was  not  uniform;  there  was  a  tendency  to  favor 
the  center,  right-hand  side,  and  bottom  of  the  display, 
while  the  upper  left-hand  corner  was  generally  neglected. 


Figure  37.  Average  duration  of  fixation  as  function  of 
angular  subtense  of  display  (68). 


The  issue  of  vision  during  saccadic  eye  movements  was 
addressed  by  Volkmann  (217).  An  experiment  was  conducted  in 
which  eye  movements  were  recorded  by  a  corneal  reflection 
technique,  and  measures  were  taken  to  minimize  blur  while 
maintaining  foveal  stimulation.  It  was  found  that  although 
vision  was  reduced  during  eye  movements,  visual  detection  is 
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VISUAL  ANGLE  SUBTENDED  BY  THE  DISPLAY  AT  THE  EYE  (DEG) 

Figure  38.  Average  inter f ix ation  distance  as  function  of 
angular  subtense  of  a  display  (68). 


possible  during  saccades.  The  moving  eye  thus  required  a 
stimulus  flash  about  0.5  log  unit  greater  than  the  fixating 
eye  for  detection  to  occur. 

In  addition  to  voluntary  saccadic  motion,  the  human  eye 
is  capable  of  constant  velocity  following  movements  which 
are  an  involuntary  response  to  the  perception  of  movement. 
Westheimer  (223)  reports  that  as  a  subject  becomes  familiar 
with  a  target's  rate  of  movement,  an  adjustment  takes  place 
which  allows  that  target  to  be  tracked  smoothly,  eliminating 
reaction  times  associated  with  saccadic  motion.  Such 
adjustments  are  referred  to  as  psycho-optical  reflexes. 


Search/Scanning  Patterns 

Very  little  research  has  been  done  to  evaluate  the  effec¬ 
tiveness  of  alternate  search  strategies,  or  scan  patterns, 
upon  target  detection  performance.  While  we  know  of  no  con¬ 
trolled  air-to-air  data,  one  extensive  program  for  air-to- 
ground  search  produced  some  results  worth  noting.  This  pro¬ 
gram,  called  Task  OBSERVE,  was  initiated  in  late  1957  by  the 
U.S.  Army  Aviation  Human  Research  Unit  at  Ft.  Rucker,  Ala¬ 
bama.  It  continued  through  1964. 


5': 


As  part  of  this  program,  various  personnel  skills  and 
training  programs  were  evaluated  in  terms  of  their  relation¬ 
ship  to  air-to-ground  target  detection.  Of  particular 
interest  is  an  experiment  comparing  four  search  procedures: 

1.  Forward  Fixed,  in  which  the  observer  looked  for¬ 
ward  at  an  angle  of  45  deg  to  the  line  of  flight 
and  downward  toward  tne  terrain  with  his  head  held 
in  a  fixed  position; 

2.  Forward  Movement,  in  which  the  observer  looked 
forward  at  a  45  deg  angle  to  the  line  of  flight 
initially,  and  then  swept  his  gaze  back  toward  the 
rear  of  the  aircraft.  The  head  was  moved  continu¬ 
ously  to  provide  successive  sweeps  from  fore  to 
aft  of  the  line  of  sight; 

3.  Side  Fixed,  where  the  line  of  sight  was  directed 
at  90  deg  to  the  line  of  flight  and  downward;  and 

4.  Side  Movement,  where  the  line  of  sight  was  90  deg 
to  the  line  of  flight,  and  the  observer  swept  his 
gaze  inward  toward  the  aircraft  and  outward  toward 
the  horizon.  Head  movement,  rather  than  eye  move¬ 
ment,  was  stressed. 

The  results  of  the  field  experiment  indicated  that  the 
Side  Movement  method  was  consistently  more  effective  than 
the  other  three  methods  (p  <  0.05).  The  Forward  Movement 
method  was  next  best.  It  would  appear  that  a  moving,  sys¬ 
tematic  scan  pattern  is  better  than  any  fixed  direction, 
"push  broom"  coverage  (Thomas  and  Caro,  212).  Admittedly, 
the  application  of  these  results  to  the  air-to-air  task  is 
tenuous . 


Eye  Movement  Measurement  Techniques 

It  is  beyond  the  purpose  of  this  report  to  examine  crit¬ 
ically  the  various  means  by  which  eye  movement  measurement 
can  be  made.  However,  because  it  may  become  desirable  to 
monitor  eye  movements  in  a  real  or  simulated  air-to-air 
search  situation,  and  perhaps  even  to  train  such  search  per¬ 
formance  in  a  closed-loop  fashion,  some  mention  of  alternate 
techniques  seems  desirable. 

Young  and  Sheena  (235)  surveyed  the  various  eye  movement 
recording  methods.  Although  some  improvements  have  been 
implemented  since  the  date  of  this  paper,  the  state  of  the 
art  has  largely  remained  unchanged.  The  key  methods  are 
briefly  noted  below,  along  with  estimates  of  their  accura- 


1.  Electro-oculography .  The  position  ol'  the  eye  is 
measured  by  placing  skin  electrodes  around  the  eye 
and  measuring  potential  differences  due  to  the 
corneoret i nal  potential,  with  sensitivities  on  the 
order  of  20  mV/degree.  Gross  readings  can  easily 
be  obtained  with  noise  filtering  time  constants  of 
about  3  seconds.  The  method  is  useful  for  wide 
fields,  to  +  /-  70  deg.  Linearity  becomes  progres¬ 
sively  worse  beyond  30  deg.  Accuracy  is  on  the 
order  of  +  /-  1.5  to  2  deg. 

2.  Corneal  reflection.  The  image  (first  Purkinje 
image)  formed  by  the  front  of  the  cornea  is  meas¬ 
ured  as  the  eye  rotates  and  (slightly)  translates. 
Recording  is  usually  photographic,  but  can  be  done 
electrooptical ly .  The  uncorrected  linear  range  of 
this  technique  is  about  +/-  12-15  deg.  Larger 
excursions  are  measurable  but  are  nonlinear. 
Accuracy  is  0.5-1  deg.  Measurement  can  be  done 
remotely,  even  surreptitiously.  Head  movement  is 
possible,  especially  with  a  tracking  system  or  a 
head  mounted  camera. 

3.  Limbus  tracking.  The  sharp  boundary  between  the 
iris  and  the  sclera  can  be  tracked  electroopti- 
cally  by  several  available  techniques,  much  as 
systems  track  the  corneal  reflection.  Because  of 
lid  occlusion  of  the  top  of  the  iris,  vertical 
tracking  is  limited.  Otherwise,  accuracies  arc  of 
the  same  order  as  the  corneal  reflection  techni¬ 
que  . 

4.  Contact  lens  method.  Various  techniques  have  been 
developed  to  affix  devices  tightly  to  the  eye; 
these  range  from  suction  cups  to  contact  lenses 
with  stalks  mounted  on  them.  Tight  fit  and  lack 
of  slip  are  critical.  Even  with  the  best  devices, 
the  eye's  acceleration  during  a  saccade,  often 
reaching  40  g,  may  cause  significant  recording 
error.  Proponents  of  contact  lens  systems  claim 
accuracies  of  5-10  arcseconds,  but  only  over  a 
range  of  5  deg.  There  are  also  substantial  dan¬ 
gers  resulting  from  fitting  a  contact  lens  with 
negative  corneal  pressure.  Corneal  deformation 
and  damage  to  accommodation  muscles  are  often 
e i ted  . 

5.  Double  Purkinje  image  method.  Images  formed  by 
the  front  of  the  cornea  (first  Purkinje)  and  the 
rear  of  the  lens  (fourth  Purkinje  image)  are 
coplanar  between  the  lens  and  the  cornea.  The 
vector  between  these  t wo  images  is  tracked  elec¬ 
trooptical  1  y  .  While  head  (or  eye)  travel  is  lim¬ 
ited,  and  a  bite  bar  is  required  with  present 
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instruments,  this  method  is  accurate  to  about  2 
arcminutes  over  a  +  /-  30  deg  field.  It  is  inher¬ 
ently  linear,  and  has  a  bandwidth  of  300  Hz,  far 
in  excess  of  other  techniques. 

6.  Head  position  measurement.  If  free  head  position 
is  required,  then  one  may  choose  to  measure  sepa¬ 
rately  the  head  angular  position  and  the  eye's 
position  relative  to  the  head.  These  geometric 
data  can  then  be  combined  to  offer  eye  line  of 
sight  in  three-dimensional  cockpit  space,  for 
example.  Systems  exist  to  permit  such  measurement 
over  +  /-  75  deg  about  each  axis,  with  close  to  +/- 
1  deg  accuracy. 

The  reader  is  referred  to  Young  and  Sheena  (235)  for  a 
more  detailed  review  of  these  alternative  methods. 


Modeling 

Issues  and  Purposes 

The  foregoing  discussion  has  been  directed  toward  outlin¬ 
ing  the  pertinent  variables  and  conditions  involved  in  the 
act  of  target  acquisition.  As  has  been  pointed  out,  detec¬ 
tion  is  dependent  on  the  complex  interaction  of  a  large  num¬ 
ber  of  observer,  target,  and  environmental  parameters. 
Based  on  the  results  of  laboratory  research  and  operational 
and  field  experiment  data,  combined  with  a  knowledge  of  the 
physical  properties  of  light  through  the  atmosphere,  numer¬ 
ous  attempts  have  been  made  to  describe  this  process  with  a 
mathematical  model. 


Physical  Description .  One  of  the  primary  purposes  of  a 
model  is  to  provide  a  physical  description  in  mathematical 
terms  of  the  event  or  process  of  interest.  In  this  context, 
one  is  concerned  with  the  process  of  search  and  the  event  of 
acquisition,  or  detection.  In  general,  a  model  should 
include  in  its  formulation  those  parameters  that  signifi¬ 
cantly  enter  into  specifying  the  desired  outcome.  Since 
there  are.,  numerous  physical  and  psychological  variables 
involved  in  air-to-air  target  acquisition,  the  problem 
becomes  not  only  one  of  correctly  depicting  what  is  included 
in  the  model  but  also  one  of  excluding  those  variables  that 
are  inconsequential. 

Those  parameters  generally  agreed  upon  to  be  included  in 
the  models  are  those  describing  the  objective  scene  such  as 
field  luminance,  target  contrast,  target  size  and  its  asso¬ 
ciated  range  (determ ining  apparent  size  or  angular  subtense 
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at  the  eye),  angular  displacement  from  the  line  of  sight, 
target  and  observer  velocity,  and  atmospheric  conditions. 

Assumptions  are  generally  made,  however,  when  describing 
the  internal  processes  of  the  searching  observer.  These 
usually  include  the  concept  of  an  "ideal  observer,"  one 
whose  motivational  or  fatigue-related  variables  can  be 
ignored,  and  one  who  searches  vigilantly  with  an  optimal 
strategy  geared  to  specific  flight  situations  and  condi¬ 
tions.  In  a  sense,  then,  such  models  are  "ideal"  models, 
rather  than  "normative"  (or  typical  performance)  models. 
The  types  of  assumed  search  strategies  and  corresponding 
mathematical  descriptions  for  search  in  both  structured  and 
unstructured  (empty)  fields  will  be  treated  below. 


Prediction  of  detectabi 1 ity .  Once  a  model  has  been  set 
up  to  presumably  describe  the  air-to-air  acquisition  task, 
it  is  generally  called  upon  to  assist  in  the  prediction  of 
target  detectability  by  furnishing  performance  estimates  as 
outputs,  such  as  the  maximum  range  at  which  one  could  detect 
a  given  size  target  under  specified  environmental  condi¬ 
tions,  the  probability  of  detecting  the  target  in  a  single 
glimpse,  or  a  cumulative  probability  of  detection  as  a  func¬ 
tion  of  time  or  range. 

The  model  inputs,  such  as  contrast,  size,  and  position, 
must  be  derived  from  existing  data  bases  which  include  the 
results  of  psychophysical  experiments  as  well  as  flight 
tests  and  operational  data. 


Problems  ijn  data  col  lection .  In  a  review  of  the  problem 
of  air-to-air  visual  search,  Erickson  and  Burge  (76)  warn  of 
the  "hazards  in  modeling  visual  performance"  due  to  unknowns 
not  accounted  for  by  mathematicians  or  systems  analysts. 
The  limitations  inherent  in  the  methods  of  obtaining  visual 
detection  estimates  are  outlined.  To  begin  with,  the  use  of 
laboratory  data  to  predict,  with  a  mathematical  model,  vis¬ 
ual  performance  in  the  operational  situation  presents  a 
problem  of  "translation"  to  different  conditions.  This  gen¬ 
erally  requires  the  use  of  "field  factors"  which  perform  a 
quantitative  adjustment  by  applying  a  subjectively  assessed 
"correction  factor."  The  need  for  field  factors  is  consid¬ 
ered  generally  to  detract  from  the  precision  and  validity  of 
the  results. 

There  are  other  difficulties  in  acquiring  data  through 
the  use  of  flight  tests.  Some  of  these  have  to  do  with  the 
cost  per  data  point  and  associated  experimental  constraints, 
such  as  sample  size,  lack  of  repeatable  conditions,  and 
unmanageable  experimental  design,  despite  the  apparent 
validity  of  a  real-life  search  task. 
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Data  collected  in  operational  settings,  however,  tend  to 
be  inaccurate  due  to  limited  available  recording  equipment 
and  the  difficulty  of  establishing  objective  conditions,  or 
"air  truth."  This  type  of  data  is,  nonetheless,  real  and  no 
correction  factors  are  necessary. 

Simulation  methods,  though  versatile  and  controllable, 
face  the  difficulty  of  having  to  determine  the  required 
level  of  fidelity  for  valid  results.  Erickson  (70)  points 
out  the  basic  trade-off,  that  along  the  spectrum  of  data 
collection  methods,  control  over  the  variables  increases  as 
the  psychophysical  experiment  is  approached,  but  applicabil¬ 
ity  to  the  real  world  decreases. 


General  Research  and  Development.  Despite'  these  diffi¬ 
culties  in  obtaining  data,  modeling  lies  at  the  cor"  of  an 
understanding  of  the  visual  detection  process.  If  all  the 
significant  parameters  are  properly  formulated,  accurate 
predictions  of  detection  performance  should  be  possible. 
Moreover,  the  existence  of  a  useful  model  helps  in  structur¬ 
ing  meaningful  and  key  research  questions,  and  thus  contrib¬ 
utes  to  the  selection  of  efficient  and  economic  research. 


Design  Questions .  The  primary  utility  of  model  outputs 
lies  in  the  area  of  system  design  requirements  and  consider¬ 
ations.  The  application  of  such  outputs  as  range  and  proba¬ 
bility  of  detection  to  weapon  system  specification  and  col¬ 
lision  avoidance  procedures  is  of  prime  interest.  The 
decision  as  to  whether  (existing  procedures  are  adequate  or 
whether  additional  techno  1 ogv  may  be  required  to  aid  the 
searching  observer  may  be  based  on  the  predicted  probabili¬ 
ties  of  detection  (with  sufficient.  time  to  respond)  gener¬ 
ated  by  the  model. 


Background  and  flavor  Model  ing  Trends 


The  Detection  Go  be.  The  foundations  for  modeling  the 
visual  search  process  wen;  first  set  down  by  Koopman  (1ED) 
while  working  for  the  U.S.  Navy  on  the  air-to-sea  search 
problem  during  World  War  II.  He  used  existing  data  on 
detection  thresholds  and  single  glimpse  probabilities  to 
derive  a  "detection  lobe"  equation  relating  threshold  con¬ 
trast  as  a  function  of  target  si/.e  and  angle  off-axis,  or 
retinal  position.  The  concept  of  a  visual  defection  lobe 
was  borrowed  from  radar  terminology  and  theory,  and  has  dom¬ 
inated  most,  modeling  formulations  to  data*.  The  lobe  refers 
to  a  three-dimensional  pear-shaped  volume  which  extends  out¬ 
ward  along  the  1 i no  of  sight  and  depicts  the  relationship  nl 


threshold  detection  range  to  angle  off  the  foveal  axis  for  a 
given  target  contrast.  This  lobe  can  be  observed  pictori- 
ally  in  Figure  39.  This  lobe  can  also  be  expressed  as  a 
"threshold  curve"  as  in  Figure  40,  taken  from  Short  (195), 
in  which  the  off-axis  angle  at  which  detection  may  occur  is 
dependent  upon  the  ratio  of  threshold  target  diameter  to 
actual  target  diameter,  i.e.,  a^/ot  If  this  ratio,  refer¬ 
red  to  as  the  liminality  ratio ,  is  greater  than  1,  the  tar¬ 
get  will  not  be  detected.  Lower  ratios  will  permit  targets 
to  fall  within  the  lobe  area  and  hence  be  considered  detect¬ 
able.  Moreover,  the  effect  of  various  levels  of  contrast  on 
lobe  shape  is  clearly  shown  in  Figure  41  from  Heap  (107). 
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Figure  159.  Cross-section  of  detection  lobe  where  R  is  the 
rang'  -to- lobe  boundary  and  '  is  the  angle  off 
visual  axis. 


An  estimate  of  a  single  glimpse  probability  of  detection, 
P.  ,  can  be  made  by  considering  the  projected  cross-sec- 
tl’ftnal  area  of  the  lobe  with  the  search  field  at  a  given 
range.  A  target,  that  falls  within  this  angle  is  given  a  P 
equal  to  the  lobe  size  divided  by  the  total  search  f i < 
a  rea  . 


lobe  equations  are  formulated  as  follows: 
.55  a  15.2/ I'2  ,  (o  <  0.8  deg) 

1  '  -  +  10'  /  i-“  ,  (  >  0.8  'leg  ) 


(4) 

(5) 
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search  situations.  This  question  will  be  considered  further 
in  the  context  of  the  model  applications  to  types  of  search 
fields . 


Other  approaches .  Rather  than  taking  the  psychophysical 
threshold  data  as  given  and  working  from  there,  some  theo¬ 
rists  prefer  to  approach  the  modeling  problem  by  describing 
the  physiological  processes  that  go  into  making  a  threshold 
response.  Neural  theories  of  visual  detection  are  con¬ 
trasted  by  Blackwell  (27)  with  physical  quantum  theories  as 
models  of  the  entire  visual  system  concerned  with  the  trans¬ 
formation  of  the  stimulus  to  sensory  events  and  related 
decision  processes  without  specifying  the  exact  neural  site 
and  activity.  The  quantum  theories  consider  the  precise 
neural  receptors  (cones)  involved  in  the  detection  event. 

The  decision-making  model  of  Tanner  and  Swets  (204)  fol¬ 
lows  the  basic  framework  of  signal  detection  theory  and  is 
rejected  by  Blackwell  because  of  contradictions  that  arise 
when  the  range  of  stimulus  magnitudes  is  extended.  More¬ 
over,  the  mechanism  relating  stimulus  to  response  is  consid¬ 
ered  to  be  both  random  and  deterministic  by  Kincaid  (123), 
who  thus  rejects  the  notion  of  a  fixed  threshold. 

Among  the  various  theories  of  detection  probabilities  are 
those  that  consider  the  search  process  to  be  best  described 
by  a  "random  walk"  Markov  chain  model  (Cowan,  53;  Kirkpa¬ 
trick,  124),  in  which  correct  and  incorrect  acquisitions  are 
considered  as  absorbing  states  which  determine  cumulative 
probabilities.  This  distribution,  though  similar  in  shape, 
is  not  the  exponential  distribution  generally  employed  when 
glimpses  are  considered  random.  Kirkpatrick  (124)  claimed 
to  show  a  close  agreement  between  predictions  and  observa¬ 
tions  with  this  model  that  assumes  that  parameters  do  not 
vary  with  time.  However,  Enoch  (68)  demonstrated  that  par¬ 
ameters  such  as  direction  of  fixation  and  inter f ixation  dis¬ 
tance  changed  when  degradation  is  introduced,  and  thus  con¬ 
cluded  that  it  is  unlikely  that  a  random  walk  model  is 
appr opr iate . 


Air-to-ground  models.  A  considerable  amount  of  work  has 
b  een  ~  "cToncfuc te3~i  n  ah  effort  to  model  the  air-to-ground 
acquisition  task.  Due  to  the  complex  nature  of  the  back¬ 
ground  and  the  need  to  discriminate  specific  targets  in  mil¬ 
itary  applications,  the  models  must  include  additional  back¬ 
ground  parameters  and  must  also  be  concerned  with 
recognition  as  well  as  detection.  However,  the  basic 
approach  used  to  describe  the  acquisition  process  can  be 
applied  to  the  air-to-air  case  by  appropriate  modifications 
or  deletions  of  portions  of  the  models. 


The  vast  literature  on  air-to-ground  target  acquisition 
was  reviewed  in  a  report  by  Greening  (90),  who  chose  six 
principal  models  for  detailed  evaluation  along  a  common  set 
of  criteria.  Among  those  models  included  for  comparison 
were  two  Air  Force  models  (DETECT  I,  II,  and  MARSAM  II),  a 
Navy  model  (VISTRAC)  described  by  Bradford  (39),  as  well  as 
models  developed  by  the  Autonetics  Group  of  Rockwell  Inter¬ 
national,  the  General  Research  Corporation,  and  the  Stanford 
Research  Institute.  A  number  of  other  models  were  reviewed 
in  the  Greening  (90)  report  for  their  pertinent  ideas.  Many 
of  the  same  sources  were  reviewed  for  their  relevance  to  the 
present  investigation  of  air-to-air  search. 

Six  measures  were  used  by  Greening  as  a  basis  for  compar- 
ions.  These  are: 

1.  Incorporation  of  significant  quantities, 

2.  Nature  of  the  output, 

3.  Sensitivity  to  significant  variables, 

4.  Range  of  applicability, 

5.  Evidence  of  validity,  and 

6.  Electronic  Data  Processing  (EDP)  characteristics 
and  requirements. 

The  "significant  quantities"  were  broken  down  into  subca¬ 
tegories  which  generally  fall  within  those  described  in  the 
section  "Stimulus  Characteristics."  These  are 

1.  Geometric  character isitics  of  observer/observed 
world  situation  , 

2.  Characteristics  of  the  visual  scene,  and 

3.  Characteristics  of  the  observer. 

An  outline  of  the  geometric  characteristics  is  presented 
in  Table  3- 

Several  of  the  remaining  measures  of  comparison  were  sim¬ 
ilarly  outlined  within  a  tabular  context  by  Greening  (90) 
and  later  enlarged  upon  to  include  British  models  (1974). 

Sensitivity  is  depicted  in  Figures  42  through  45  for  the 
most  pertinent  variables.  Here,  sensitivity  refers  to  the 
relative  variation  in  output  as  a  function  of  different 
input  parameters  of  the  models.  The  input  parameters  con¬ 
sidered  most  important  were  selected  for  the  sensitivity 
study.  These  are  search  area,  flight  speed,  target  offset, 
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target/ backg round  contrast,  target  size,  and  scene 
lum i nance . 


Figure  42.  Effect  of  search  area  upon  detection  performance 
(normalized)  (90,  p.  7  3)- 


Some  of  the  noteworthy  limitations  on  range  of  applica¬ 
bility  are  that  the  models  consider  only  static  or  quasi¬ 
static  targets  and  level  flight,  and  do  not  provide  suffi¬ 
ciently  for  the  effects  of  masking,  clutter,  and  glare. 
Moreover,  the  models  are  limited  to  observers  with  "normal" 
vision  and  "standard"  search  techniques  (random  or  system¬ 
atic),  with  no  provision  for  workload  variations  except  in 
the  case  of  VISTRAC. 

Greening  (90)  found  most  of  the  models  to  share  certain 
features  such  as  (1)  a  strong  emphasis  on  optical  elements 
with  a  corresponding  neglect  of  cognitive  factors,  (2)  over¬ 
reliance  on  laboratory  data,  and  (3)  limited  evidence  of 
overall  validation. 

The  evaluation  against  the  selected  criteria  yielded 
other  general  findings: 


A 


Figure  43.  Effect  of  flight  speed  on  probability  of 
detection  (90,  p.  48). 


1.  Some  significant  variables  have  been  omitted  from 
all  the  models,  such  as  observer  characteristics; 

2.  Comparisons  between  outputs  are  difficult  because 
of  wide  differences  in  form; 

3.  Sensitivities  are  different  from  model  to  model; 

4.  Applications  are  limited:  level  flight,  station¬ 

ary  target,  etc.; 

5.  Evidence  of  field  validity  is  very  difficult  to 
obtain;  and 

6.  EDP  requirements  are  extremely  variable. 

In  a  subsequent  report,  Greening  (91)  took  a  closer  look 
at  the  British  modeling  effort  in  target  acquisition.  Early 
mathematical  formulations,  provided  by  Heap  of  the  Royal  Air 
Force  Establishment  (RAE),  generally  followed  the  concep¬ 
tions  of  Koopman  and  Lamar  and  concentrated  on  calculations 
of  maximum  sighting  ranges  (Heap,  107).  Heap’s  "visual  car¬ 
pet"  is  presented  in  Figure  46.  Much  of  the  research  wa»'k 


OFFSET  RATIO,  Y/Y0 


Figure  44.  Effect  of  target  offset  on  probability  of 
detection  ( 90 ,  p .  46 )  • 


that  grew  out  of  this  model  framework  was  conducted  by  Davies 
who  utilized  the  contrast  threshold  data  of  Blackwell 
for  the  fovea,  and  those  of  Taylor  for  the  periphery.  Inis 
RAE  model  is  basically  concerned  with  detection  in  the  air- 
to-ground  context.  Although  Davies  (57)  reports  a  good  con¬ 
cordance  of  RAE  theory  with  experimental  results,  he  never¬ 
theless  found  the  visual  lobe  theory  extremely  optimistic 
for  small  targets.  This  effect  can  be  clearly  observed  in 
Figure  47. 

More  recent  work  in  England  by  Overington  (175)  of  the 
British  Aircraft  Corporation  has  taken  a  unique  turn  by  re¬ 
lating  sing  le-gl  impse  probability  to  the  stimulus  value  of 
the  target  which  is  considered  to  be  a  function  of  contrast, 
luminance,  and  the  number  of  retinal  receptors.  Overington 
simply  considers  that  the  retinal  image  of  a  visual  scene 
contains  all  the  pertinent  stimulus  information  in  a  retinal 
region  of  maximum  illuminance  gradient.  This  stimulus  value 
can  be  averaged  over  approximately  one  receptor  spacing. 

The  notion  of  contrast  being  specified  by  a  luminance 
gradient  has  been  considered  by  other  researchers,  as  noted 
in  Overington  (175),  who  concluded  that  visibility  thresh¬ 
olds  are  determined  by  contrast  along  a  border  rather  than 
by  some  value  averaged  over  the  entire  surface. 
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PROBABILITY 


Figure  45.  Effect  of  scene  luminance  on  probability  of 
detection  (90,  p.  50). 


In  the  Overington  (175)  model,  the  expression  for 
sensation  produced  in  the  observer  by  target  contrast 
includes  both  a  motivational  term  and  a  blur  correction  fac¬ 
tor.  These  are  unique  features  not  found  in  the  other  mod¬ 
els  pr  esented  . 

Another  comprehensive  acquisition  model  based  on  much  of 
the  previous  British  and  American  modeling  notions  was 
developed  by  Owen  of  the  Defense  Operations  Analysis  Estab¬ 
lishment  (DOAC)  and  is  referred  to  as  VISTARAQ.  The  VISTA- 
RAQ  model  includes  some  unique  characteristics  in  its  search 
submodel,  such  as  alternative  types  of  search  area,  with 
provisions  for  a  "volume"  search  applicable  to  the  air-to- 
air  context.  In  addition,  the  detection  submodel  includes  a 
glare  correction  factor  which  is  not  found  in  other  models. 

A  series  of  tabulations  is  presented  by  Greening  (91)  to 
summarize  the  formulations  of  the  parameters  of  these  vari¬ 
ous  models.  A  number  of  these  are  reproduced  in  Tables  4 
through  15  to  demonstrate  the  range  of  expressions  and 
approaches  used  to  describe  the  significant  parameters  of 
the  air-to-ground  models  covered  in  this  discussion,  as  well 
as  their  outputs  and  EDP  requirements.  They  are  also  pre¬ 
sented  for  their  potential  relevance  to  the  air-to-air  models 
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Figure  46.  Visual  carpet  for  b  =  1.0,  based  on  shape  of 

Blackwell  and  McCready  threshold  curve  for  1/3  s 
time  (107). 


which  will  be  discussed  below.  Figures  48  and  49  give  the 
threshold  curves  and  single  glimpse  probability  functions 
for  the  selected  models. 

Although  several  of  the  primary  sources  behind  the  models 
treated  above  were  not  available  for  review  at  this  time, 
pertinent  summary  information  was  abstracted  for  the  sake  of 
completeness  from  subsequent  articles  by  the  same  authors  or 
from  the  comprehensive  review  reports  provided  by  Greening 
(90,  91). 


Spec i f ic  Air-to-Air  Modeling  Attempts 


Examples  and  directions.  The  relevance  of  the  air-to-air 
acquisition  problem  to  both  military  and  civilian  applica¬ 
tions  is  demonstrated  by  an  apparent  increase  in  the  number 
of  published  technical  papers  addressing  the  subject  in 


recent  years.  The  mathematical  formulations  basically  fol¬ 
low  the  directions  provided  by  previous  search  theory  devel¬ 
oped  for  air-to-ground  models. 


CUMULATIVE  DETECTION  PROBABILITY 
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THEORETICAL  DISTRIBUTION 
USING  VISUAL- LOBE  DATA  - 

PRACTICAL  DISTRIBUTIONS -- 


TARGET  CONTRAST  0.5 
VISIBILITY  10  km 
SPEED  0.3  km/ SEC 
GLIMPSE  TIME  2/3  SEC 


TARGET  AREA 


\  'AWV'  1480  m2 
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4  6 


1 


TARGET  RANGE, km 


Figure  47.  Theoretical  effect  of  target  size  using  visual 
lobe  equation  (57). 


Although  Erickson  and  Burge  (76)  offer  caution  concerning 
the  hazards  of  extrapolation  from  data  bases  generated  under 
different  contexts,  they  nevertheless  outline  formulae 
derived  from  the  pioneering  research  work  discussed  earlier. 
These  formulae  are  useful  for  various  calculations  of  inter¬ 
est.  An  expression  for  maximum  range  under  no  haze  condi¬ 
tions  (C  "  C  )  as  well  as  a  correction  for  the  empty  field 
are  given: 

Rm  =  0.1655/C~-^T7555~A  (no  haze)  (6) 

where  A  is  target  area,  while  multiplying  by  1/2  will 
yield  the  empty  field  range.  !‘ 

Moreover,  a  hard-shell  detection  probability  is  derived 
for  a  single  glimpse,  g,  given  by 


<’  /  [  ( H  +  !■)(■>  + 


where  2  H  =  azimuth  angle  of  search  field,  2  ;  =  elevation 
angle,  and  2  <>  =  lobe  angle  width  at  target  range.  The 
search  field  is  depicted  geometrically  in  Figure  50.  A 
table  was  also  provided  by  Erickson  and  Burge  which  gives 


single  glimpse  detection  probab  i  1  i  tie: 
in  the  above  parameters  (Table  16). 


for  variations 
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TABLE  4.  SEARCH  AREA  FORMULATIONS 
IN  EIGHT  MODELS  (91) 


MARSAM  II 

Circle  on  ground 

Terrain  mask  or 

meteorological 

range 

Masked  by 
structure 

aircraft 

(input) 

L»RC/ A 

Keystone  - 
FOV  of  sensor 

Top  of  sensor 

FOV 

Bottom  of 

FOV 

sensor 

SRI 

Keystone  - 
*45°  from  beam 
of  aircraft 

Maximum  computed 
target  detection 
range 

Input 

VISTRAC 

Keystone  - 
1 4 . 5 0  to  +42 . 5° 
from  flight  axis 

Terrain  mask 

Masked  by 
structure 

aircraft 

(input) 

DETECT  II 

&  III 

Circle  on  ground 

Input 

Input 

AUTONETICS 

Not  specified 

Maximum  target 
detectable  range 

Masked  by 
structure 

aircraft 
( input) 

VISTARAQ 

Stationary  rectangle 
on  ground,  or  advanc¬ 
ing  rectangle  on 
ground 

Input 

Input 

RAE/BAC 


Stationary  rectangle, 
may  be  vignetted  by 
keystone 


Top  of  "window 
or  input 


Bottom  of  "window" 


TABLE  5.  FLIGHT  PATH  LIMITATIONS  (91) 


Model 

Type 

Target  Offset 

Speed 

Altitude 

MARSAM  II 

Straight  and 
level 

Input-fixed* 

Input-fixed 

Input-fixed 

GRC/A 

Not  limited 

Not  specified 

Not  specified 

Input 

SRI 

Straight  and 
level  segments 

Input-limi  ted 
(see  "Search 
Area") 

Input-fixed 

Input-fixed 

VISTRAC 

Straight  and 
level 

Input-limited 
(see  "Search 
Area") 

Input-fixed 

Input-fixed 

DETECT  II 

&  III 

Straight  and 
level  (II)  or 
Orbit  about 
target  (III) 

Input- fixed 

Input- fixed 

Input-fixed 

AUTONETICS 

Straight  and 
level 

Input- fixed 

Input- fixed 

Input-fixed 

VISTARAQ 

Not  restricted 

Input  - 
variable 

Input  - 
variable 

I nput- 
var iable 

RAE/BAC 

Straight  and 
level 

Input-fixed 

I nput- f i xed 

I nput- fixed 

"Fixed"  moans  s i  nq  1  e-va  1  lie :  !"i  <>n*-  encountor  . 
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TABLE  6.  REPRESENTATION  OF  TARGET  APPARENT  SIZE  (91) 


Model 


Formulation 


MARSAM  II 


—  —  w  +  1 

0  =  K  Dt/Rg  where  Dfc  =  (h( — - - )  cos  0  +  wl  sin  0] 


GRC/A 


Is 

B  =  KA  where  A  =  - 

t  t 


S,.R  +  |  S  .  R  -HS...R 


2  x 1  '  3  s  1 


R 


(S.  is  a  vector  representation  of  the  area  of 
1  th 

the  i  side  of  the  target) 


SRI 


B  =  K 


■\  /- 

1 

+  1  X\ 

2  2 

2 

\R 

R 

\  s 

min 

s  max/J 

i . 

2 


(SRI  model  also 
permits  division 
of  target  into 
sub-regions) 


VISTRAC 


B 


„  rh  cos  0(1  cos  •+>  +  w  sin  i|d  +  lw  sin  0,  '/R 

K  l  j  c 


DETECT  II 
&  III 


AUTONETICS 


B  =  KA^  ( is  input  directly) 

.  .  hw  cos  0  +  lw  sin  0 

B  +  KA  where  A  =  - — - - 

t  t  2 


VISTARAQ 


f  (A^)  where  n  is  number  of  visual  receptors 
covered  by  image.  A  =  w  x  h 


RAE/BAC 


4A  'j 

_ t  where  is  projected  area  of  target 


NOTE:  In  this  table,  t  is  a  characteristic  angular  subtense  of  the 

tarqet;  A^  is  projected  area  of  target;  h,w,l  are  height, 
width  and  length  of  target;  K  is  slant,  range;  0  is  lookdown 
angle;  is  off-axis  angle. 
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TABLE  7. 

Model 

MARSAM  II 

GRC/A 

SRI 

VISTRAC 

DETECT  II 
&  III 

AUTONETICS 

V  IS TARA Q 

RAE/BAC 

NOTE :  I  ri 
app 


REPRESENTATION  OF  APPARENT  TARGET/ BACKGROUND 
CONTRAST  (91) 


Formulation 


C 


where  B  and  B,  are  obtained  from 
t  b 

inherent  contrast  and  an  atmosphere 
model 


C 


(GRC/A  is  an  EO  sensor  model;  hence, 
apparent  contrast  involves  elements 
not  appropriate  to  visual  models) 


C  =  R  /R  where  R  ,  R  are  highlight  and  lowlight 
T  H  L  H  L 

reflectance;  C„  (apparent  "contrast")  is 
TA 

derived  from  CT  and  an  atmospheric  model. 


C  = 


B  -  B 
t  b 


for  B  :■  B  where  B  and  B,  are 
t  -  b  t  b 

modified  by  an  atmospheric 


B  -  B, 
t  b 


model 


for  R  >  B 
b  t 


C  is  derived  from  C  ,  an  input,  and  an  atmospjher ic  model 
o 


C  is  derived  from  C  ,  an  input,  and  an  atmospheric  model 


derived  from  input  quantities  and  an 
atmospheric  model 

derived  from  input  quantities  and  an 
atmospheric  model 


this  table,  C  is  apparent  tar qet/backg round  contrast;  R  ,  B  are 

t 

aront  tarq*»t  and  background  luminance. 
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TABLE  8.  REPRESENTATION  OF  VISUAL  MASKING  (91) 


TABLE  10.  OBSERVER  THRESHOLD  FOVEAL  PERFORMANCE 
REPRESENTATION  (91) 


Model 


Formulation 


MARSAM  II  log  C, 


- - );• 033  +  .072  (log  n£s  )?  -  .425(log  B  1-1.492 

T  log  (i  +  .142  b  b 


(This  form  is  for  low  light  levels.  Above  iiB  =  10,  last 
3  terms  are  replaced  by  a  constant  of  -1.8457 


GRC/A 


log  C  =  — — '  ^33 ■,  -  -  1.845  (Model  limited  to  B  :> 

T  log  h  t  .142  10  ft  L)  b  - 


SRI 


f.  vs  C  a  lookup  table  based  on  NDRC  monographs 


VISTRAC 


C  =  1.57  +  — (VISTRAC  is  limited  to  daylight) 

fct 


DETECT  II 
&  III 


CT—  *¥ 

h 


(DETECT  is  limited  to  daylight) 


AUTONETICS 


(C  -  C  )  J 
T 


I  2 

f  |l+  (log  Bb  +  3)  ]  ‘  -  .8 


(Autonetics  model  assumes  C  is  fixed  -  usually  .02) 


VISTARAQ 


log 


i  c;  i  n 

log  -  •  log  — 

o  o 


=  constant,  except  for  a 
correction  for  (-<5  min. 


(B  ,  C  ,  n  arc  "minimum  effective"  values) 
o  o  o 


RAE/BAC 


f,  C  and  B^  from  tabulated  data  based  on  Blackwell  and 
Taylor . 


NOTE:  In  this  table,  f  is  charact er i st i r  target  subtense; 

C  is  contrast  threshold;  B,  is  background  luminance; 
T  b 

n  is  number  of  visual  recejtors  involved. 
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TABLE  11.  OBSERVER  THRESHOLD  PERFORMANCE:  OFF-AXIS  (91) 


s  table,  r  is  a  characteristic  target  angular  subtense  (min);  3  is  angle  off  visual  axis  ideg) 
is  off-axis  contrast  threshold. 


/ 

1  '1 

.3 

r 

c 

c 

U3 

c 

c 

•  H 

-V 

P 

P, 

5 

3= 

y,  > 

£ 

G 

03 

c,  1 

23 

•ft 

■  *4 

•r4  * 

C/2 

> 

> 

-X  ■  4 

tf) 

0 

* 

03 

p 

P 

o  i 

(/I 

0 

0 

p  n 

g 

P 

If) 

■*4 

T3 

TJ 

p  *  ■ 

cl 

U 

i — H 

H 

p  :  ; 

a 

•H 

03 

03 

\t 

-H 

«— 1 

-r-H 

'O  i  ' 

r-4 

p , 

P 

P 

c  ■ 

y 

X 

G 

C, 

P 

x;  t  ? 

03 

03 

■  H  1  -* 

cr 

0 

> 

> 

r—*  j 

c 

Z 

0 

0 

a  .  * 

•H 

U) 

tfl 

•r-4  , 

a 

• 

g 

03 

P  :  1 

03 

4-J 

02 

cn 

r—4 

23 

a 

r'l 

CP  .  J 

u 

a. 

£ 

£ 

•H  il  * 

o 

-  /-H 

> 

•r-t 

i—4 

ip 

0 

1 

c 

CP 

CP 

CL 

r 

c 

03 

£ 

£ 

1  : 

0 

C 

0 

03 

c 

- 

T5 

T> 

03  .  i 

C 

C 

c, 

(X 

03 

03 

03 

• 

U 

c» 

G 

P 

x:  *• 

• 

0 

C 

c 

G 

•H 

0 

c 

G 

■ — 

4-1 

03 

5m 

T2 

T3 

a 

*P 

03 

0) 

G 

IT; 

03 

LL 

CO 

«• 

£ 

03 

03 

CP 

■H 

03  P 

X) 

JQ 

.  r-4 

c 

C. 

•H 

a  0 

03 

G 

c n 

£ 

0  p 

G 

G 

< 

C  ip 

C 

C 

X2 

03  G 

03 

03 

4J 

£ 

£ 

£ 

G  ;  : 

•H 

u  x: 

p 

5m 

p  ! 

o  g 

0 

0 

XJ 

U-i  p 

p 

p 

03 

T3 

5m  03 

C 

Ci 

P 

g 

<d  g 

G 

03 

■r-4 

c< 

a  cn 

CL 

CL 

03 

0) 

> 

> 

x:  p 

-C 

XT 

03 

0 

u  0 

G 

U 

j  : 

u 

c. 

P 

5m 

G 

03  C 

03 

03 

e  ; 

02 

03  0 

G 

G 

g 

CO  -H 

t/3 

in 

p 

u 

p 

i 

03 

TJ  3 

T3 

V 

.c  ! 

CJ  XI 

03 

<b 

u  1 

x: 

P  -H 

P 

p 

in 

o 

G  P 

G 

u 

03 

O  P 

03 

g 

G 

03 

a  a) 

a 

a 

l/I  ;  ; 

a> 

X  -H 

X 

X 

rr. 

U3  T3 

u 

w 

'P 

•  <M 

H  T, 

table , 
arqet . 

P 

p  03 

x:  .g 

p  p 

C/3 

*— • 

u 

CP  . , 

►-4 

P-4 

o 

P  03  t  : 

1-4 

H 

< 

o 

H  p 

UJ 

oo 

< 

O  p 

z 

< 

cc 

aJ 

o 

H 

w 

E«  4 

E- 

fX 

u 

f- 

U1 

;  ) 

rT 

r‘ . 

V1’ 

1. 

_ ii 

TABLE  13.  DETECTION  PERFORMANCE  REPRESENTATION  (91) 

MODEL  FORMULATION 


MARSAM  II 


Vi  “  °-5 


P  *  =  0  otherwise, 

dl 


o.s  [ 


2  i 

1  -  exp  [-K(CR-l)  ]  2  for  CR  >  0.5; 


(Pd*  is  detectability;  detection  depends  also  on  search 
and  line  of  sight.) 


GRC/A 


P  =  0.5  +  0.5  : 

D  L. 

P  =0  otherwise. 
D 


.5  |^1  -  exp  [-K(CR-l)2}]  '2  for  CR  >  0.5; 


P^T  =  1  -  exp  [-K(S  T  D  ))  where  P  is  probability 
DI  A  E  A  DI 

of  detection  and/or  recognition;  S  ,  T  ,  D  are  terms 

A  E  A 

related  to  target  size,  search  time,  and  target  contrast, 
respectively . 


VISTRAC 


Pfl  =  1  -  exp  [-K(CR-b)  dt)  where  is  probability  of 
acquisition,  including  recognition;  b  and  m  are  constants. 


DETECT  II 
&  III 


0.5  [ 


2  I 

1  -  exp | KfCR-l)  ]J  2  for  CR  >  1.5; 


PF  =  0  otherwise. 

P  is  probability  of  detection  if  viewed  foveally. 
F 


AUTONETICS 


exp  - 


2  'x  \  2  2 

~2 - ~  M  =  1  for  a  /  (C-C  )  s2/f 

B  (C-C  )J  M  =  2  otlierwise. 

T  / 


VISTARAQ 


=  0.5  + 


r  -z2/2d 

e  dz 


where  z 


(log  B/B  .  log  C/C 
o  o 


loq  n/n  )  -  K 
o  T 


RAE/BAC 


--r 


J  2tt  J 


2  ,  ,  log  CR 

dx  where  x  =  - ^ - rr.:  and 

.)  log  CR 


=  a '/A1  where  a'.  A'  are  effective  visual 

lobe  area  and  effective  search  area. 


NOTE-  In  this  table,  P  is  detection  probability;  CR  =  C/C T;  C  is  apparent 
contrast;  C  is  threshold  contrast;  is  target  subtense;  ft  is 
resolution  capability  of  eye  at  C  -  1;  B  is  scene  luminance;  n  is 
number  of  receptors  in  image  area. 
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Figure  48.  Threshold  contrast  as  a  function  of  target 
subtense  (90,  d .  47  ) • 


The  cumulative  probability  at  range  n  is  then  given  by: 

f  Rn 

pn  =  l  -  e x p [ l / A R  J  In  (a  -  gL)dR]  (8) 

R 

under  the  assumption  that  each  glimpse  is  independent.  The 
value  of  R  refers  to  the  change  in  range  equivalent  to  the 
distance  traveled  between  glimpses.  This  function  is  pres¬ 
ented  graphically  in  Figure  51  using  the  data  of  Table  16 
for  a  55  f t  sq  target  with  20%  contrast. 

The  rang*'  interval,  AH,  can  be  obtained  by  multiplying 
the  relative  closing  velocity  of  the  aircrafts  by  the  Lime 
required  for  each  glimpse.  Mow,  a  glimpse  may  be  defined  in 
this  context  as  a  cluster  of  successive  eye  fixations  in  a 
g  i  ven  small  area .  Although  F.rickson  and  Burge  report  that  a 
glimpse  time  value  of  1.65  s  is  generally  agreed  upon,  they 
fail  to  list  the  sources  and  thus  t..  is  designated  value  may 
best  be  considered  as  an  assumption  subject  to  further  veri- 
f  i  c a  t.  i  on  . 

Indeed,  the  duration  of  each  fixation  has  been  determined 
on  the  average  to  bo  0.28  sec  by  Ford  et  al .  (70),  who  also 
report  that  the  remaining  15%  of  the  time  the  eyes  arc 
involved  in  movement,  or  saccades.  They  go  on  to  conclude 
that  the  angle  of  travel  during  each  sacoade  most  often 
takes  on  a  constant  value  of  approximately  8.5  deg.  This  is 
called  tlie  azimuthal  scan  angle  in  the  search  context. 
Since  the  field  of  view  used  experimentally  by  Ford  et  al  . 
(70)  was  rather  small  (20  deg),  Short  (105)  conjectures  that 
this  scan  angle  will  vary  proportionately  with  the  size  of 
the  search  field  but  will  remain  constant  for  a  given  field. 
Although  Short  (195)  agrees  that  a  glimpse  time  is  typically 
composed  of  6  to  8  fixations  which  yields  a  corresponding 
range  of  approximately  1.5  to  2.0  seconds  for  one  glimpse, 
he  postulates  that  an  alerted  pilot  or  observer  will  tend  to 
spend  more  time  inspecting  each  area.  Thus,  glimpse  time  is 
clearly  dependent  on  both  the  situation  and  the  observer's 
scan  patterns  which  may  be  subject  to  change  through  train¬ 
ing  or  practice. 

More  recently,  Gutmann  et  al .  (96)  have  found  that  sin¬ 
gle  fixations  are  much  longer  (e.g.,  >  600  ms)  for  dynamic 
search  tasks  than  for  static  search  tasks.  Thus,  generali¬ 
zation  from  the  dynamic  air-to-ground  search  model  to  the 
perceptually  static  air-to-air  situation  may  be  unsupport.a- 
ble. 

Tile  function  depicted  in  Figure  51,  which  was  derived 
f rom  the  formulations  of  Koopman  (129),  was  also  presented 
by  Short  (195)  in  his  treatment  of  mid-air  collision  situa¬ 
tions.  Moreover,  for  the  case  of  the  unalert.ed  pilot  ,  Short 
(195)  suggests  that  an  overal 1  search  cycle  exists  which 
should  include  the  time  spent  in  navigation,  t. 
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Figure  50.  Azimuth  and  elevation  search  geometry  (76). 


between  periodic  searches,  as  well  as  a  provision  for 
dividing  the  total  field  to  be  searched  into  subsectors. 
Thus,  search  cycle  time  is  given  by: 

f  =  2  m  k  T  +  t  (9) 

where  T  is  the  time  for  one  glimpse,  m  is  the  number  of 
glimpse  sequences  during  one  subsector,  in  which  two 
glimpses  are  assumed  per  sequence,  and  k  is  the  number  of 
subsectors  in  the  total  field.  The  number  of  subsectors,  k, 
is  determined  by  dividing  the  total  search  field  by  the  azi¬ 
muthal  scan  angle  for  that  field.  This  formulation  leads  to 
a  slight  modification  in  the  range  increment  factor  applied 
to  the  probability  integral  above,  in  which  1  / R  becomes 
2m/V r  . 

Short  (195)  goes  on  to  conclude  that  although  the  area  to 
be  searched  can  be  reduced  by  electronic  aids,  the  target 
velocity,  V,  is  clearly  uncontrollable,  while  glimpse  times, 
T,  may  nevertheless  vary  with  training  and  context. 
Although  Short's  conception  of  search  cycle  has  a  logical 
and  numerical  appeal  as  a  model  parameter,  the  idea  of  two 
glimpses  occurring  per  subsector  has  not  been  adequately 
demonstrated,  and  may  be  offensive  to  some  visual  scien¬ 
tists. 


TABLE  16. 

DETECTION 

LOBE  AND  GLIMPSE  PROBABILITIES 

(76) 

g  for 

g  for 

H  =  190° 

H  =  190 

R,  run 

G,  deg 

<i>  =  +30° 

4.  =  us 

0.6 

50 

0.2218 

0.2733 

1.3 

16 

0.0533 

0.0789 

2.0 

8 

0.0166 

0.0275 

2.6 

5 

0.0065 

0.0115 

3.3 

3 

0.0030 

0.0055 

3.9 

2 

0.0016 

0.0029 

4.6 

2 

0 . 0009 

0.0017 

5.2 
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0.0005 

0.0010 

5.9 

1 

0.0003 

0.0007 

6.5 
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0.0002 

0.0005 
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Figure  51.  Cumulative  probability  of  detection  for  target 
moving  on  radial  path  to  or  from  an  observer 
(7G)  . 


A  recent  review  of  the  modeling  of  air-to-air  target 
detection  has  been  compiled  by  Akerman  and  Kin/.ly  (B),  in 
which  five  models  are  compared  against  controlled  search 
experiments ,  and  a  visual  search  model  cal  led  V I  DEM  is  pres¬ 
ented  which  is  applicable  to  search  in  an  unstructured  vis¬ 
ual  field.  Tiie  model  includes  four  components  which  gener¬ 
ally  resemble  tiio.se  employed  by  Krickson  and  Burge  (7G):  a 

l imi ted  contrast  threshold,  a  f req uency-of -seeing  curve ,  a 
soft-shell  searc.ii  represent  at  ion ,  and  discrete  cumulation  of 
single  glimpse  probabilities  (random  glimpses). 

Tiie  liminal  contrast  threshold,  C  ,  is  for  the  case  of 
50'o  single'  glimps"  detection  probability,  while  remaining  a 
function  of  target  si/.e,  ,,  ,  and  retinal  position,  >.  The 
f  r  equenoy-o  f-soe  i  ng  curve  is  us>’d  as  the  mechanism  for  com¬ 
puting  the  single  glimpse*  pr  nbab  i  1  i  t  i  es  for  contrasts  e>t  tie  *  r 
than  at  liminal  t.h  re»sh<i  1  el .  Th  i  s  curve  is  represent  eel  as  t  he 
neirrnal  eogive>: 

«<■»,)  =  ;  ( fc/t:t  -  i. )/-']  MO) 

in  wii  ich  the  mean  <  ,i  >  must,  equal  unity  for  50"  <  i  c  >  t  <  •  >  •  t  i » >  n 

probab  i  1  i  t  y,  anu  ‘varies  with  "onel  i  t  i  ons  .  Tie-  commonly  used 
f  re>q  ue  ncy-ei  f-se.>i  ng  curve  of  Ke>opman  (  1  d!)  >  is  similar  in 
shape  (Figure-  5'!),  but.  s--ts  t!i<-  proba  i>  i  I  i  t  v  of  ili-l'-l  mn 

eejual  to  zero  for  C/C,  ■  0.01,  wli  i  1  *>  set  t  i  ng  P  =  0.57  for  a 

liminal  contrast  ratio  C/C  *  i.<).  Tliis  is  tin-  p-sult  ot 
tic  e|i  f  ini  t  mn  used  by  Lamar  tor  -m  »■  i  gli  t  -  pos  i  t  i  on  1  -  >  r<-i  -d  - 
e- ho i  -e  e-xpi-riini-nt  . 


fl 
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Figure  52.  Koopman's  empirical  frequency-of-seeing  curve 
(3). 


The  search  representation  in  the  VIDEM  model  does  not  use 
the  visual  lobe  but  employs  the  soft-shell  model  of  Deutsch- 
man,  Hammill,  and  Sugarman  (59)-  This  model  establishes  a 
probability  density  function  p(  O')  which  considers  all 
angles  between  the  foveal  axis  and  the  target  position  in 
the  search  field.  The  angle  ■  '  is  thus  the  peripheral 
angle,  or  angle  off-axis. 

Single  glimpse  probabilities  are  computed  from  the  above 
frequency-of-seeing  function,  g(i,o),  through  the  following 
integral : 

g  =  J  p(  ■  ’  )  g(M  '  )  d  ,  (11) 

where  M  is  magnification  (M  =  1  for  unaided  search).  In 
practice,  the  integration  interval  is  subdivided  into  18 
increments  of  5  deg  outward  from  the  fovea.  The  single 
glimpse  probability,  g('’)t  is  computed  at  each  ’  position 
and  weighted  by  the  probability,  p (  ■  * ) ,  of  that  angle  fall¬ 
ing  within  the  search  field.  The  g(  '  ’  )  values  are  averaged 
to  yield  a  probability  for  a  single  glimpse,  g . 

The  VIDEM  model  can  be  used  for  other  search  distrib¬ 
utions  besides  the  uniformly  distributed  random  process  pos- 
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tulatod  for  tho  empty  field.  Tho  numerical  values  for  the 
p(O')  distribution  would  be  all  that  would  differ. 

The  cumulation  method  used  in  VIDEM  assumes  a  conserva¬ 
tion  of  probability  in  which  glimpse  probabilities  are  inde¬ 
pendent  and  is  formulated  as, 

Pcum(n)  =  1  -  exP[.^  ln  (1  -  *i)]  •  (12) 

which  is  the  familiar  exponential  distribution.  This  equa¬ 
tion  is  considered  representative  of  both  random  and  system¬ 
atic  search. 

The  five  models  chosen  by  Akerman  and  Kinzly  for  (compari¬ 
son  are  listed  in  Table  17,  showing  alternate  representa¬ 
tions  of  threshold  contrast  and  associated  parameters,  Tho 
five  models  considered  are:  K/L  (Koopman/Lamar) ;  H/S  (Ham- 
mill/Sloan);  RAND  (Corporation);  GRC  (General  Research  Cor¬ 
poration);  and  PC)  15  (developed  by  A.  C.  Poe,  III  for  the  U.S. 
Army  Missile  Research  and  Development  Command).  The  differ¬ 
ent  formulations  result  in  different  foveal  threshold  curves 
which  are  plotted  together  in  Figure  58.  Tin1  peripheral 
threshold  curves  are  similarly  plotted  in  Figure  54. 

An  initial  screening  of  the  five  model  candidates  was 
conducted  by  comparing  the  models  with  two  laboratory  search 
experiments.  The  results  arc  reported  in  Table  18,  in  which 
experimental  mean  detection  times  (i)  for  a  stationary  tar¬ 
get  under  various  search  parameters  are  compared  with  model 
predictions.  The  performance  measures  given  in  Table  18 
indicate  whether  predictions  are  either  fast  (+)  or  slow  (-) 
compared  to  the  actual  event  oumulatives.  Tho  numeral  val¬ 
ues  are  Ko lmogorov-Sm i rnov  statistics.  The  sign  ratings  an' 
useful  for  further  field  factoring  of  the  models. 

The  K / L  and  Poe  models  both  predicted  earl y  detection, 
whereas  the  GRC  model  often  failed  to  provide  any  cumulation 
in  detectability.  Tin*  RAND  model  showed  a  mi xed  performance 
with  no  consistent  trend.  The  best,  predictions  were  yi  *lded 
by  the  Hammi l l/Sl oan  model  for  both  large  and  small  targets; 
yet  intermediate  si/.e  targets  were  not  well  predicted. 

Two  models  were  chosen  for  further  evaluation  against 
field  test  data.  Ttc-se  were; 

1.  Hammi  1  1  /  S  1  oan  --  with  a  f  r  eq  ue  n-- y -o  i  -  see  i  ng 

(  f  if-s)  curve  of  the  1 . >  rm  N  <  ,,  ,  )  t  o  be  N'  (  1  . 0  , 

0 .He ) ;  and 

7.  \  Composite  Model  --  H'G  model  for  small  targets 

and  GRC  for  large  t  irgeis  with  f-of-s  curve  of  the 

form  N  <  1  .  O  ,  0.8). 


o 


TABLE  17.  SUMMARY  OF  CANDIDATE  DETECTION  MODELS  (3) 


LOG|0  THRESHOLD  CONTRAST 


Figure  53-  Foveal  threshold  contrasts  as  predicted  by  the 
five  candidate  models  (3). 


Four  parameters  of  the  models  were  fit  to  the  field  test 
data: 

1.  A  multiplying  field  factor  for  contrast; 

2.  Frequency-of-seeing  curve  standard  deviation; 

3.  Frequency-of-seeing  curve  truncation  point  (rela¬ 
tive  contrast  value  corresponding  to  zero  detec¬ 
tion  probability);  and 

4.  The  target  size  for  transition  from  H/S  to  GRC;  an 
initial  value  of  2  min  was  used. 

Observers  searched  a  60  deg  (horizontal)  x  30  deg  (vertical) 
field  with  no  instructed  search  pattern. 

The  H/S  model  yielded  parameter  values  of  1.33  as  a  mul¬ 
tiplying  field  factor  (FF)  and  '  =  0.24  for  a  nontruncated 
f r eque ncy-o f- see i ng  curve.  The  resulting  cumulatives  are 
given  in  Figure  6b,  which  indicates  an  average  square  error 
(ASE)  of  0.009  between  the  model  and  the  actual  data.  This 
field  factor  may  be  explained  as  a  "standard"  correction  for 
uncertain  occurrences  of  the  target. 


TABLE  13.  PERFORMANCE  MEASURES  OF  BEST  VERSIONS  OF  FIVE 
"  CANDIDATE  DETECTION  MODELS  IN  PREDICTING  COCO 

AND  K&W  SEARCH  EXPERIMENTS  (3) 


MODEL 

BEST 

VERSION 

TARGET 

SIZE  (ARC 

MINUTES) 

FF  0 

2.0 

4.0 

4.8 

8.0 

13.0 

24.0 

46.0 

K/L 

NO  B  0.25 

+  + 

++ 

++ 

+  + 

+  + 

+ 

0.59 

H/S 

0.25 

OR  E 

1.00 

+ 

+ 

+  + 

+ 

1.00 

0.71 

RAND 

0.32 
(NO  T) 

+ 

+ 

+ 

+ 

+ 

0.97 

1.00 

GRC 

0.39 
(NO  T) 

- 

0.90 

1.00 

0.47 

0.00 

0.00 

0.47 

POE 

5.5  0.32 

_ 

1.00 

0.00 

0.29 

0.16 

0.00 

Key :  FF  Field  Factor  (usually  as  a  contrast  threshold  multiplier) 

NO  B  Seyb  luminance  factors  not  used 

E  Koopman  empirical  curve 

NO  T  Frequency-of-Seeinq  curve  not  truncated 

Note :  Numerical  performance  measures  are  Kolmoqorov-Smi rnov  probabilities. 
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Figure  j'j.  VIDEM-pr  ed  ieted  and  actual  field  test  cumulative 
for  all  data  (  3  )  - 


The  Unstr ijc tur ed  F_ield 

The  air-to-air  acquisition  problem  often  becomes  one  of 
search  and  detection  in  the  unstructured  or  empty  field. 
The  behavioral  and  visual  aspects  of  such  a  search  situation 
are  described  above.  The  modeling  implications  range  from 
determining  the  proper  expression  describing  the  glimpse 
pattern  of  an  observer  to  the  reduced  detection  distance 
that  results  from  the  absence  of  structure  in  the  search 
field. 

The  models  of  both  Erickson  and  Burge  (76)  and  Akerman 
and  Kinzly  (3)  address  this  question  and  utilize  the  assump¬ 
tion  of  independence  of  glimpses  which  is  equivalent  to  a 
random  search  pattern.  This  assumption  was  first  introduced 
by  Koopman  (129)  in  his  treatment  of  air-to-sea  search  which 
may  indeed  be  unstructured,  but  does  not  resemble  an  empty- 
field  as  such.  Thus,  Erickson  and  Burge  (76)  use  a  correc¬ 
tion  factor  of  1/2  to  a  1  just  laboratory  data  to  the  detec¬ 
tion  range  of  the  empty  field.  Akerman  and  Kinzlv 
however,  do  not  mention  such  a  correction,  although  the.- 
model  is  designed  to  describe  performance  in  the  unstruc¬ 
tured  field.  They  utilize  a  so  ft -she]  l  search  n  He',  an  : 

appropriate  data  bases  to  a  oust  for  a-  ;  j;.  sition  ag 
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Figure  56.  Actual  cumulative  detection  probability  of  the 
900-meter  altitude  profile  as  predicted  by  the 
various  models  (3). 


the  sky  background,  but  it  is  unclear  whether  this  is,  in 
fact,  the  empty  field  case. 

The  classic  study  of  search  in  an  unstructured  field  was 
conducted  by  Krendel  and  Wodinsky  (134)  in  which  time  to 
detection  was  measured  for  various  combinations  of  target 
size,  search  area,  and  background  luminance  for  contrast 
values  at  least  twice  the  95%  threshold.  It  was  found  that 
mean  time  to  detection  is  independent  of  target  position  in 
the  field,  with  no  practice  effects  at  the  0.05  level  of 
significance.  Moreover,  there  was  strong  but  not  conclusive 
evidence  that  the  exponential  distribution  described  the 
experimental  search  process  (with  or  without  alerting  sig¬ 
nals).  It  is  concluded  that  the  exponential  distribution  is 
generally  adequate  when:  (1)  the  search  time  is  limited  to 
about  30  s,  (2)  the  variables  remain  fixed  during  a  trial, 
and  (3)  no  instructions  or  search  strategy  are  employed. 

The  basic  assumptions  of  Krendel  and  Wodinsky  (134)  have 
since  been  questioned  by  several  researchers.  In  a  study 
investigating  the  visual  search  process,  Williams  (230)  con¬ 
cludes  that  detection  probability  in  the  air-to-ground  con¬ 
text  is  a  function  of  rate  of  scanning  and  target  conspicu- 
ity.  Ke  postulates  that  search  is  systematic  with  random 
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components.  (He  goes  on  to  set  up  an  interesting  equality 
in  which  the  number  of  scans  is  given  by:  T/t  =  C/R, 

where  T  is  total  time,  t  is  single  scan  time,  while  C  and 
R  refer  to  conspicuity  ana  scan  rate,  respectively.) 

Perhaps  in  the  air-to-air  case,  search  becomes  random 
with  systematic  components.  This  would  be  consistent  with 
the  general  finding  that  the  ability  to  search  systemati¬ 
cally  or  to  scan  with  regular  patterns  increases  with  the 
degree  of  structure  to  the  search  field.  As  the  field 
becomes  very  structured,  even  a  systematic  pattern  may  not 
yield  efficient  results  due  to  confusion  and  breakdown  of 
orderly  scan  patterns  generated  by  a  complex  background. 

In  another  study  (Howarth  and  Bloomfield,  111)  dealing 
with  structured  backgrounds,  it  was  concluded  that  search 
time  distributions  are  not  well  described  in  terms  of  mean 
search  times.  However,  they  present  formulations  of  the 
probability  of  detection  after  a  given  time  for  either  ran¬ 
dom  or  systematic  search  with  a  constant  single  glimpse 
probability,  P  .  These  are  essentially  similar  to  those 
proposed  by  Krendel  and  Wodinsky.  Thus,  efficient  search 
after  n  fixations  yields  Pn  =  nP  ,  whereas  searching  ran¬ 
domly  will  result  in  P  :  1  -  (1  -  P  ).  The_mean  number  of 
fixations,  n,  for  regular  search  is  liven  by  n  =  1/2  ( 1 /P g  + 

1),  while  it  is  expressed  as  n  =  1 / P  for  random  searching. 

s 

Krendel  and  Wodinsky  considered  the  random  model  to  be 
expressible  as: 

P(t)  =  1  -  e"mt  ,  (14) 

where  m  anc*  ^  equals  glimpse  time,  while  T  equals 

total  search  time  for  P  <<  1.  Otherwise, 

m  =  -  [In  (1-  P  )  /T 1  .  (14a) 

Oft 

By  comparison,  the  expression  describing  an  ideal  pattern  of 
search  with  no  overlap  was  given  by  Pi(t)  =  (p32t^/T>  which 
becomes  unity  after  a  time,  t,  equal  to  T/Psg. 

In  his  formulation  of  air-to-ground  models  for  the  RAND 
Corporation,  Bailey  (9)  presents  random  and  systematic 
alternatives  of  the  detection  probability  function.  The 
systematic  search  version  is  characterized  by  a  ramp  func¬ 
tion  given  by 

=  3  t/(As/Ag)  ,  (15) 

where  P.  refers  to  the  probability  of  foveally  fixating  the 
target  for  1/3  s  duration,  while  Ag  is  the  area  searched  and 
A  is  the  useful  glimpse  area,  i.e.,  Ag  =  kAt  in  which  At  is 


target  area,  k  is  a  factor  of  scene  congestion,  and  3  is  the 
available  number  of  glimpses  per  second. 


Although  Bailey  considers  real  search  to  lie  somewhere 
between  the  perfectly  systematic  and  the  purely  random 
extremes,  he  nonetheless  chooses  the  exponential  function  to 
more  accurately  describe  the  initial  use  in  detection  proba¬ 
bility  in  the  purely  random  case.  This  is  given  as: 


Pi 


e-k* 3t(As/Ag) 


(16) 


In  general,  Bailey  considers  the  observer  to  search  with  a 
fairly  regular  pattern  and  an  adaptive  search  rate  until 
there  is  a  perception  of  an  area  of  contrast  having  the  tar¬ 
get's  specifications,  at  which  time  detection  occurs. 


In  summary,  it  seems  reasonable  to  conclude  that  the 
assumption  of  random  independent  glimpses  and  the  accompany¬ 
ing  exponential  distribution  tend  to  adequately  describe  the 
probability  of  detection  in  the  completely  unstructured 
field.  As  reference  points  are  introduced  into  the  field, 
the  observer  may  tend  to  utilize  some  sort  of  strategy  or 
search  pattern.  Moreover,  the  problem  of  detection  at 
threshold  conditions  that  may  be  required  to  avoid  a  colli¬ 
sion  or  intercept  an  enemy  aircraft  is  compounded  by  the 
myopic  state  induced  by  the  purely  empty  field.  In  the 
empty  field,  a  target  must  be  larger  and  thus  closer  before 
detection  may  occur. 


The  Structured  Field 


Although  structure  initially  appears 
to  systematically  cover  the  area  to  be 
structure  may  become  clutter  which  leads 
crimination  as  well  as  detection.  The 
ment  seldom  exhibits  the  problem  of 
although  situations  in  which  more  than 
field  of  view  may  arise,  especially  in 
other  areas  of  high  density  traffic. 


to  aid  the  observer 
searched,  too  much 
to  problems  of  dis- 
air-to-air  environ- 
too  much  clutter, 
one  target  in  the 
landing  patterns  or 


Since  search  time  varies  directly  with  angular  range  of 
the  search  sector  (41)  even  the  observer  who  employs  a  sys¬ 
tematic  pattern  of  search  is  limited  by  the  extent  of  the 
field  that  must  be  covered.  In  the  case  of  an  area  of  dense 
aircraft  traffic,  this  can  be  a  serious  problem. 

It  is  reported  by  Andrews  (4)  that  unalerted  pilots  tend 
to  concentrate  their  glances  within  30  deg  of  straight 
ahead,  yet  will  spread  these  glances  out  more  evenly  over 
the  entire  visible  area  if  informed  to  be  on  a  collision 
course.  Once  warned,  it  is  assumed  that  the  pilot's  glances 


will  be  uniformly  distributed  over  the  area  indicated. 
Andrews  proposes  that  one  good  method  to  further  "structure" 
a  partially  structured  field  is  with  a  Pilot  Warning  Indica¬ 
tor  (PWI)  which  basically  tells  the  pilot  in  which  direction 
to  look . 

The  major  purpose  of  Andrews'  (4)  report  was  to  demon¬ 
strate  the  degree  of  improvement  offered  through  the  use  of 
a  PWI  system.  A  series  of  flight  tests  was  conducted  by  the 
MIT  Lincoln  Laboratories  to  determine  the  relative  effect  of 
being  alerted  on  a  pilot's  acquisition  performance,  compared 
to  the  unalerted  case.  Several  different  aircraft  were 
employed  at  various  closing  rates  and  aspects  or  crossing 
angles  (difference  in  headings).  The  results  of  one  partic¬ 
ular  encounter  situation  are  shown  in  Figures  57  and  58. 
For  the  unalerted  case,  the  curves  indicate  that  unaided 
visual  separation  can  be  effective  only  for  the  smallest 
crossing  angles.  This  is  due  to  the  increased  closure  rates 
and  decreased  visible  areas  associated  with  larger  crossing 
angles.  In  the  alerted  case,  however,  it  was  found  that 
acquisition  was  improved  by  a  factor  of  nine.  It  was  also 
found  that  large  jet  aircraft  were  acquired  at  greater 
ranges  than  smaller  aircraft,  which  compensated  for  the  dis¬ 
advantages  due  to  increased  closing  speed.  However,  large 
speed  differences  increase  the  probability  of  a  tail-chase 
encounter  in  which  there  is  only  a  77%  chance  of  acquisition 
with  15  s  to  collision.  This  is  shown  in  Figure  59- 

Andrews  (4)  goes  on  to  consider  the  case  of  two  searching 
pilots.  This  is  generally  the  situation  when  two  aircraft 
are  on  a  collision  course,  in  that  both  pilots  are  concerned 
with  collision  avoidance  and  hence  early  acquisition. 
Andrews  states  that  the  effective  acquisition  rate  for 
either  of  two  pilots  is  simply  the  sum  of  the  rates  of  each 
pilot  separately.  When  an  aircraft  structure  acts  to 
obstruct  the  view  (as  when  the  faster  craft  is  approaching 
from  the  3ide  opposite  the  pilot),  the  situation  reverts 
back  to  the  single  pilot  case.  The  presence  of  additional 
searchers  such  as  copilots  will  alter  the  acquisition  rate 
according  to  this  additive  principle. 

Although  the  effectiveness  and  utility  of  PWI  devices  was 
the  intended  focus  of  the  Andrews  (4)  report,  the  simplified 
model  he  employs  to  describe  the  acquisition  process  is  wor¬ 
thy  of  further  treatment.  Andrews  postulates  that  acquisi¬ 
tion  is  a  random  process  that  can  be  completely  character¬ 
ized  by  an  acquisition  rate,  x(x),  equivalent  to  the 
probability  of  acquisition  per  unit  time.  The  acquisition 
rate  is  a  function  of  a  vector  x(t),  with  k  components  that 
affect  performance,  while  acquisition  itself  is  a  heteroge¬ 
neous  Poisson  process.  Such  a  process  assumes  that  arrival 
rates  are  not  constant  and  that  the  first  arrival  event  ter¬ 
minates  the  trial  with  an  acquisition. 
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Figure  57.  Predicted  acquisition  performance  for  unalerted 
search  by  single  pilot  (4,  p.  43). 


The  conception  of  acquisition  as  a  continuous  process 
permits  the  use  of  a  time-averaged  rate  which  need  not  con¬ 
sider  the  duration  of  a  single  glimpse. 

Starting  with  a  cumulative  probability  of  acquisition 
denoted  by  F(t),  and  the  related  probability  density  func¬ 
tion  given  by  f(t)  =  dF/dt|t,  Andrews  derives  an  expression 
for  F(t).  Thus , 

F(t)  =  1  -  exp(-n)  ,  (17) 

where  n  =  oo/t A  (£) d£  ,  whereby  f(t)  =  A  ( t )  exp  (-n).  In  general 
the  quantity  ri  of  a  Poisson  process  is  the  expected  number  of 
arrivals  occurring  by  time  t 


It  is  further  presumed  that  the  k 
acquisition  depends  can  be  identified, 
be  modeled  as  a  linear  function 
expressed  as 

k 

a(x)  =  if1  e.  x.  . 

The  individual  pertinent  variables,  X, ,  tnougn  not  necessar¬ 
ily  linear  in  themselves,  are  weighted  by  the  B^  values 


variables  upon  which 
Acquisition  can  then 
of  those  variables, 


though  not  necessar- 
»d  by  the  B^  values 
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Figure  5ft.  Predicted  acquisition  performance  for  PWI  alert 
at  40  s  to  collision  (single  pilot)  (4). 


based  on  conditions,  and  treated  additively  to  determine 
acquisition  rate. 

Based  on  the  data  of  an  experiment  conducted  by  the  Con¬ 
trol  Data  Corporation  (Millhollon,  Lyons,  and  Graham,  165), 
Andrews  (4)  was  able  to  demonstrate,  by  a  method  of  maximum 
likelihood  estimation  for  the  B^  values,  a  dependence  of 
acquisition  rate  on  target  range.  Range  to  target  thus 
emerged  as  one  of  the  to  be  included  in  the  model. 

Figure  60  indicates  the  relation  between  acquisition  rate 
and  range  for  a  given  encounter  situation.  A  curve  of  the 
form  B/r^  closely  depicts  the  data.  Andrews  therefore  con¬ 
tends  that  the  term  8/r^  represents  the  product  of  contrast 
and  size  suggested  by  Lamar  et  al.  (137)  to  be  primarily 
responsible  for  the  detectability  of  targets.  In  this  case,  B 
takes  on  a  value  of  0.13,  tut  will  take  on  different  values 
for  different  circumstances. 

Results  of  flight  tests  conducted  at  the  MIT  Lincoln  Lab¬ 
oratory  during  1975  and  1976  were  used  in  a  similar  fashion 
to  determine  the  additional  dependence  of  A  on  the  visible 
area  of  the  target.  Andrews  therefore  concludes  that  acqui¬ 
sition  rate  is  primarily  dependent  upon  the  solid  angle  of 
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‘39.  Probability  of  acquisition  by  either  pilot  (two 
small  aircraft,  alerted  search  beginning  at  40  s 
to  collision)  (4)  . 


60.  Acquisition  rate  for  detection  of  Beech 
Musketeer  (4,  p.  19). 
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the  target  which  is  indeed  the  ratio  of  target  area  to 
target  range  squared,  i.e.,  A  =  0A/r  .  This  relation 
between  A  and  solid  angle  of  the  target  is  considered  by 
Andrews  to  be  linear  in  nature  and  to  sufficiently  describe 
acquisition  rate. 

Since  the  value  of  3  varies  with  conditions,  formulations 
are  presented  which  adapt  the  model  to  various  contexts. 
Modifications  due  to  fractional  search  time  are  accomplished 
by  multiplying  the  parameter  BQ  for  constant  search  by  the 
fraction,  k,  during  which  thepilot  is  actually  searching. 
A  modification  due  to  differing  subjective  search  areas,  S, 
for  a  given  PWI  search  sector  capacity,  SQ ,  is  given  as  the 
ratio  S  /S.  The  effect  of  the  atmosphere  in  reducing  con¬ 
trast  is  presented  according  to  the  standard  exponential 
contrast  reduction  factor  exp[(-3*92  r)/V]  where  V  is  visi¬ 
bility.  Thus,  acquisition  rate  for  various  conditions  is 
expressed  as: 

*  =  (k)/(S/SQ)  exp(-3. 92  r/V)6Q  (A/r2).  (19) 

The  concept  of  acquisition  rate  was  also  proposed  by 
Bradford  (39)  of  Sandia  Laboratories,  based  on  the  assump¬ 
tion  that  the  rate  of  target  acquisition  of  an  observer  fol¬ 
lows  a  gamma  density  function  given  as: 

Y ( t )  =  f ( t ) / [ 1  -  F ( t ) ]  .  (20) 

Bradford’s  cumulative  probability  of  detection  is  thus 
expressed  as  F(t)  =  1  -  exp(-0/  y(x)dx),  which  is  essen¬ 
tially  identical  to  the  formulation  of  Andrews.  However, 
the  acquisition  rate  of  Andrews  is  empirically  derived  at 
the  outset  by  partitioning  the  experimental  search  field 
into  range  intervals  during  which  acquisition  rate  is  deter¬ 
mined  by  dividing  the  total  number  of  detections  in  an 
interval  by  the  time  in  that  interval. 

In  summary,  the  problem  of  acquisition  in  the  structured 
field  is  generally  one  of  supr athr eshold  detection  which 
must  occur  somewhere  in  the  field  of  view  with  sufficient 
time  to  respond.  Acquisition  performance  is  thus  improved 
through  reducing  the  size  of  the  search  field,  thereby 
improving  the  efficiency  of  otherwise  random  search  proc¬ 
esses.  An  improvement  in  acquisition  performance  will,  of 
course,  occur  with  increasing  target  size,  but  this  is  at 
the  expense  of  time  to  rerct.  Moreover,  it  would  seem  pos¬ 
sible  that  when  some  degree  of  structure  is  present  in  the 
air-to-air  environment,  a  systematic  scanning  procedure  to 
encompass  the  entire  search  field  might  be  utilized.  Such 
procedures  should  thus  contribute  to  improved  acquisition. 
However,  aside  from  the  search  cycle  concept  of  Short  (195). 
which  implies  a  non-overlapping  pattern  to  search,  the  mod¬ 
els  considered  in  the  discussion  above  have  no  provision  for 
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such  systematic  search  techniques.  Opportunities  for  model 
improvement  seem  to  exist  here. 


Evaluation  of  Air-to-Air  Models 

Establishing  a  set  of  criteria  that  could  be  used  to 
evaluate  the  utility  of  various  models  derived  from  differ¬ 
ent  standpoints  and  developed  for  somewhat  different  pur¬ 
poses  is  a  difficult  task.  In  the  reviews  by  Greening  (90, 
91)  of  the  air-to-ground  modeling  field,  an  attempt  at  eval¬ 
uation  was  abandoned  in  Lieu  of  a  comparison  of  the  out¬ 
standing  models  along  a  common  set  of  criterion-like  meas¬ 
ures.  The  measures  used  by  Greening  are  quite  general  and 
are  therefore  applicable  in  the  air-to-air  modeling  context 
as  well.  Several  of  these  criteria  were  chosen  for  the 
present  evaluation: 

1.  Incorporation  of  significant  quantities, 

2.  Nature  of  model  output, 

3.  Range  of  applicability,  and 

4.  Evidence  of  validity. 

As  mentioned  earlier,  the  significant  quantities  of  tar¬ 
get  acquisition  are  essentially  those  target  and  scene  char¬ 
acteristics  and  geometries,  as  well  as  observer  characteris¬ 
tics  previously  discussed  in  the  sections  "Stimulus 
Characteristics"  and  "Observer  Characteristics." 

The  major  modeLs  to  be  assessed  in  the  present  context 
include  the  formulations  of  Short,  Erickson  and  Burge, 
Andrews,  and  Akerman  and  Kinzly.  The  parameters  considered 
to  be  significant  to  this  evaluation  include  target  size, 
target  offset,  scene  luminance,  target/background  contrast, 
type  of  search  sector,  search  representation  and  search 
technique,  relative  m®tion,  and  glimpse  time,  as  well  as 
workload  (alerted  ve/sus  unalerted  case),  masking  (struc¬ 
tural  limitations  on  the  field  of  view),  and  the  visual  acu¬ 
ity  of  the  pilot. 

A  data  matrix  is  presented  in  Table  19,  in  which  the  four 
air-to-air  models  chosen  for  evaluation  are  compared  along 
the  significant  parameters  listed  above.  The  pertinent 
information  was  obtained  from  the  material  previously  cited. 
Where  a  mathematical  expression  was  lacking,  a  descriptive 
remark  is  supplied. 

We  might  start  by  noting  the  omission  of  observer  charac¬ 
teristics  such  as  visual  acuity  and  other  sources  of  human 


103 


TABLE  19.  OVERVIEW  OF  AIR-TO-AIR  MODELS 


PARAMETERS 

TARGET  SIZE 

OFFSET 

FIELD  LUMINANCE 

CONTRAST 

(APPARENT) 

TYPE  SECTOR 

(SEARCH  REPRESENTATION 
TECHNIQUE) 

RELATIVE  MOTION 

GLIMPSE  TIME 

WORKLOAD 

MASKING 

ACUITY 

*  V=Visibility 


SHORT 


E/B 


a  =  1293  AYR 


A/R 


CR  =  1 .750  2  +  (i90/a‘) 


C  =  1.750^  + 

A 


Daylight  Conditions 


Daylight  Conditions 


C  = 
o 


B  -  B' 
o  o 


L  -  L 
B  T 

C  =  — - -  x  100 

B 


Atmospheric  Attenuated 

_  .  -OR 

Factor,  e 


-3.912 

V* 


Structured-Warning  Regular 

Unstructured-No  Warning  Empty 


Visual  Lobe 
Uniform  Glimpses 


Visual  Lobe 
Random 


Collision  Course 


Moving  Target 


Search  Cycle 
Glimpse,  T,  =  1.5  sec. 


1.65  sec. 


Alerted  Observer 
Unalerted  Pilot 


No  Provision 


No  Provision 


No  Provision 


Normal 


Normal 
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TABLE  19  (Continued) 


PARAMETERS 

ANDREWS 

VIDEM  (A/K) 

TARGET  SIZE 

,  2 

A/r 

A/R2 

OFFSET 

Reduces  Probability 

C  -  .03520- 24  ♦  -58481’6 

T  2 

a 

(for  0>  .8") 

FIELD  LUMINANCE 

Daylight  Conditions 

Daylight  Conditions 

L  -  L 

[  L  -  L  J 

CONTRAST 

B  T 

i  T  B 1 

C  -  L 

C  -  L 

B 

B 

(APPARENT) 

-3.912 
o  =  - - 

-3.912 
a  =  - 

V* 

V 

TYPE  SECTOR 

Structured-Warning 

Unstructured 

Unstructured-No  Warning 

(Others) 

(SEARCH  REPRESENTATION 

An  Acquisition  Rate: 

Soft-Shell:  P(61) 

TECHNIQUE) 

a/ST  Uniformly  Random 

Uniformly  Random 

RELATIVE  MOTION 

Collision  Course 

Quasi-Static 

Provision  for  Moving  Target 

GLIMPSE  TIME 

Not  Considered 

3  Glimpses/second 

WORKLOAD 

Alerted 

Unalerted-Fractional 
Search  Time 

No  Provision 

MASKING 

%  Obstructed  FOV 

Considered 

No  Provision 

ACUITY 

Normal 

Normal 

*  V=Visibility 
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variability  from  the  models.  This  was  indeed  the  case  with 
air-to-ground  models,  as  reported  previously  (Greening,  90). 
It  is  thus  standard  to  assume  the  observer  to  be  highly 
motivated,  vigilant  at  the  task,  and  well  trained,  although 
no  particular  form  of  training  is  specified. 

Generally  speaking,  the  parameters  related  to  the  charac¬ 
teristics  of  the  external  scene  in  which  the  object  must  be 
detected  are  similarly  described  in  the  models  now  under 
consid  eration . 


These  same  stimulus  characteristics,  such  as  target  size, 
position,  and  contrast  threshold,  were  included  in  the  pre¬ 
viously  discussed  air-to-ground  models  and  represent  the 
various  data  bases  compiled  primarily  from  the  results  of 
psychophysical  experiments.  The  expression  for  tar¬ 
get/background  contrast  and  the  attenuation  due  to  the 
intervening  atmosphere  are  the  same  for  each  model  while 
only  the  conditions  of  daylight  luminance  are  considered. 

The  empty  field  is  provided  for  in  the  Erickson  and  Burge 
(E/B)  model,  while  the  Akerman  and  Kinzly  (A/K)  model  is 
formulated  specifically  for  the  unstructured  field.  The 
models  of  both  Short  and  Andrews  provide  "structure"  to  an 
otherwise  unstructured  and  larger  field  through  the  concept 
of  the  alerted  pilot  and  the  aid  of  the  Pilot  Warning  Indi¬ 
cator  (PWI)  device.  The  models  of  Short  and  of  Erickson  and 
Burge  utilize  the  visual  lobe  concept  to  represent  the  means 
of  determining  probabilities  of  detection  during  search. 
Andrews  develops  the  notion  of  an  acquisition  rate  equiva¬ 
lent  to  the  target  area  divided  by  a  unit  search  area,  while 
Akerman  and  Kinzly  propose  a  soft-shell  approach.  Both  of 
these  models  employ  a  probability  density  function,  P(0), 
which  is  defined  over  the  search  area. 

Moreover,  the  assumed  search  technique  of  the  observer 
for  each  model  is  that  of  random  glimpses  uniformly  distrib¬ 
uted  over  the  field  of  search.  The  glimpse  times  used  in 
the  models  are  essentially  similar  to  each  other  with  the 
exception  of  the  Andrews  model,  which  deals  with  "average" 
acquisition.  Furthermore,  only  the  Andrews  model  has  a 
provision  for  the  masking  of  the  field  of  view  due  to  air¬ 
craft  structure,  while  the  Akerman  and  Kinzly  model  is 
derived  for  the  quasi-static  case  with  some  provision,  how¬ 
ever,  for  target  motion. 


The  outputs  of  the  various  models  generally  include  the 
single  glimpse  probability  and  the  cumulative  probability  of 
detection.  The  Short  model  yields  the  probability  of  target 
detection  for  any  selected  range  out  to  maximum  range  from 
the  equation, 


P0(R) 


=  1  -  exp  1/VT 


G  )  d  R  . 


(21) 


iuC 


Erickson  and  Burge  propose  a  similar  equation  for  cumulative 
probability  of  detection  after  n  glimpses, 


Pn  = 


1  -  exp  1/AR 


R 


1 


R 


m 


1 n ( 1  -  gi)dR 


(22) 


while  the  single  glimpse  value,  g^,  is  given  from  the  search 
geometry  as  discussed  earlier: 


g  =  02/[(H  +  0)  (<>  +  0)]  . 


(23) 


This  is  the  same  expression  used  by  Short  for  single 
glimpses . 

Akerman  and  Kinzly  utilize  the  fr equency-of-seeing  curve, 
g(a,0)  =  4>  [  ( C/  Ct  -  u )  /o  ]  ,  together  with  the  expression  g  = 

f  p(O')  g  (MO ')  dQ '  ,  where  p(;  ')is  a  probability  density  func¬ 
tion  for  all  angles  in  the  search  field,  to  compute  single 
glimpse  probabilities.  The  value  of  g  is  used  in  turn  to 
compute  cumulative  probabilities  after  n  glimpses  from  the 
equation  Pcum(n)  =  1  -  expl _§  ln(1  -  g± ) 3  . 

This  final  formula  is  essentially  identical  to  the  other 
cumulative  probability  formulations  just  presented. 

Although  the  outputs  of  Andrews’  model  are  these  same 
probabilities  of  detection,  i.e.,  single  glimpses  and  cumu¬ 
lative,  the  expressions  derived  are  based  on  his  concept  of 
acquisition  rate,  or  the  average  number  of  detections  for  a 
unit  of  time.  Thus,  the  instantaneous  probability  of  detec¬ 
tion  is  given  by 

f(t)  =  F/dt  =  A ( t )  exp  [-  n 3  ,  (24) 

where  (t)  is  acquisition  rate,  and  n  =  /t  A(£)  d£  . 

The  cumulative  probability  is  then  expressed  as 

F( t)  =  1  -  exp[  -  f  A ( r ) d  r]  .  (25) 

00  J 

Some  of  the  major  limitations  on  the  range  of  applicabil¬ 
ity  are  similar  to  those  noted  for  the  air- to-ground  models. 
These  include  no  provision  for  observer  characteristics,  as 
mentioned,  with  no  correction  for  glare  and  little  provision 
for  masking  or  workload.  Moreover,  the  air-to-air  models 
considered  are  all  limited  to  the  conditions  of  daylight 
viewing . 


As  noted  by  Greening  (90)  in  his  report  on  air-to-ground 
models,  establishing  the  validity  of  a  complex  process  is 
enormously  difficult.  The  validity  of  a  model  may  be 
thought  of  as  the  degree  to  which  the  model  actually 
describes  the  process  it  intends  to  describe.  Therefore, 
validity  must  be  established  by  correlating  the  predictions 
generated  by  a  model  with  actual  performance  measures  from  a 
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corresponding  real-world  context.  Moreover,  a  determination 
of  validity  is  aided  by  a  large  number  of  data  points  for 
each  condition.  This  process  can  become  very  expensive,  as 
has  been  noted  earlier.  Furthermore,  it  is  extremely  diffi¬ 
cult  to  control  the  external  conditions  during  a  field 
trial . 

Consequently,  many  of  the  models  presented  in  this  report 
are  only  partially  validated,  at  best.  When  model  predic¬ 
tions  do  not  match  field  data,  there  is  a  general  tendency 
to  apply  "field  factors"  to  adjust  the  data  to  the  theory 
rather  than  to  revamp  the  model  itself. 

Among  the  air-to-air  models  presently  considered,  only 
those  of  Andrews  and  of  Akerman  and  Kinzly  have  been  sub¬ 
jected  to  field  trials  in  an  effort  to  establish  validity. 
Although  Andrews  does  not  directly  address  the  evaluation  of 
validity,  he  does  establish  a  close  correspondence  between 
flight  test  results  and  his  simplified  model  of  acquisition 
based  on  an  inverse  square  relation  with  target  range  (Fig¬ 
ure  60).  Akerman  and  Kinzly,  however,  do  address  the  ques¬ 
tion  of  validity  by  registering  the  final  parameterized  ver¬ 
sion  of  the  VIDEM  model  with  at  least  60  detection  events. 
Although  the  results  listed  in  Table  20  indicate  that  the 
VIDEM  model  provides  a  better  prediction  than  the  Ham- 
mill/Sloan  model,  it  was  noted  that  VIDEM  under pred icts  for 
altitudes  below  900  meters  and  overpredicts  for  higher  alti¬ 
tudes.  Akerman  and  Kinzly  thus  conclude  that  rather  than 
further  refining  their  model,  it  might  be  more  fruitful  to 
generate  confidence  limits  which  would  indicate  how  much 
variability  might  be  expected  between  prediction  and  real¬ 
ity.  In  summary,  it  appears  that  even  the  most  sophisti¬ 
cated  of  the  models  provides  only  an  approximation  of  the 
visual  acquisition  task.  These  models,  nonetheless,  serve 
an  essential  function  by  acting  as  a  point  of  reference  for 
future  research  and  systems  design. 
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TABLE  20.  DIFFERENCE  IN  MEDIAN  DETECTION  RANGE  BETWEEN 
FIELD  TEST  RESULTS  AND  MODEL  PREDICTIONS  (3) 


MODEL  PREDICTIONS 


Profile 


Altitude  (m)  Offset  (m) 


300 

300 

300 

900 

1500 

1500 


1500 

0 

-1500 

0 

1500 

0 


Range  Difference  (m) 

VI DEM  Hammi 11/Sloan 


-  90 

-1280 

-1100 

0 

180 

820 


910 

-  640 

-  90 

1000 

1000 

1830 


1500 


-1500 


640 


1650 


AREAS  OF  POSSIBLE  IMPROVEMENT 


Training 

The  effects  of  training  on  an  observer's  ability  to 
detect  and  identify  targets  in  a  search  situation  have  been 
examined  by  a  number  of  investigators.  The  most  emphasis 
has  been  placed  on  air-to-ground  search,  and  many  research¬ 
ers  have  looked  at  individual  facets  of  the  problem,  such  as 
type  of  instruction,  peripheral  acuity,  search  pattern,  and 
others. 

Visual  acuity  may  be  improved  with  training,  although  the 
training  should  be  in  the  style  of  repeated  practice.  Low 
(146)  reported  an  improvement  in  peripheral  acuity  with 
practice,  but  it  is  very  slow.  Improvement  required  long 
continued  practice,  forced  fixations,  unlimited  viewing 
time,  and  stationary  test  objects. 

Ludvigh  and  Miller  (147)  and  Miller  and  Ludvigh  (164) 
both  report  that  dynamic  visual  acuity  (DVA)  improves  with 
repeated  practice  (Figures  61  and  62).  They  report  that  DVA 
improves  at  a  greater  rate  for  higher  target  velocities, 
where  DVA  ordinarily  tends  to  be  worse.  This  improvement 
takes  place  fairly  rapidly,  quite  often  in  less  than  20  tri¬ 
als.  Because  this  improvement  seems  to  be  significant  in 
magnitude  and  occurs  fairly  rapidly,  it  would  seem  worth¬ 
while  to  include  some  repeated  training  trials  on  a  DVA-rel- 
ated  operational  task  to  get  this  improvement  in  DVA.  The 
retention  of  this  improvement  in  DVA  over  time  has  not  yet 
been  examined . 

Baker  and  Steedman  (13)  examined  a  task  involving  visual 
estimates  of  closure  rates.  They  specifically  examined  sub¬ 
jects'  estimates  of  relative  distance  traveled  by  a  luminous 
object  approaching  on  a  collision  course,  and  viewed  in  an 
otherwise  homogeneous  field.  Subjects  demonstrated  a  con¬ 
siderable  reduction  in  error  with  training  at  estimating  the 
halfway  point  of  approach  (Figure  63)*  The  training  was  in 
the  form  of  repeated  trials  with  knowledge  of  results  after 
each  estimate. 

McCluskey  et  al .  (152)  also  found  an  improvement  in  range 
estimation  skills  with  training.  They  examined  three  types 
of  estimation  methods  in  training: 


VISUAL  ACUITY ,  MINUTES  OF  ARC 
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Figure  61.  Effects  of  practice  on  dynamic  visual  acuity 
(147). 


1.  Paired  associate--the  range  of  the  aircraft  would 
be  announced,  and  the  subjects  were  to  try  to 
remember  the  aircraft's  appearance; 

2.  Finger  occlusion--the  aircraft's  range  was 
announced,  and  the  subjects  were  to  remember  how 
much  of  the  aircraft  was  observed  by  a  finger  held 
at  arm's  length;  and 

3.  Immediate  reinforcement--the  subjects  wrote  their 
range  estimates  down  and  were  then  told  the  cor¬ 
rect  ranges. 

All  three  methods  led  to  an  improvement  in  range  estimation, 
but  no  significant  differences  were  found  among  the  three 
methods . 

Vicory  (216)  summarizes  previous  and  current  methods  of 
aircraft  identification  training.  The  WEFT  system  involved 
the  commitment  to  memory  of  various  character isti  s  of  the 
wings,  engines,  fuselage,  and  tail.  One  of  the  difficulties 
of  this  procedure  was  its  overemphasis  on  aspects  of  air¬ 
craft  shapes  that  could  be  named  easily  (i.e.,  taper,  swept 
back,  etc.)  and  neglect  of  other  aspects  not  so  easily 
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THRESHOLD,  MINUTES  OF  ARC 


Figure  62.  Effect  of  prolonged  training  (147). 


TRIALS 


Figure  63.  Average  deviation  of  total  distance  as  function 
of  training  trials  for  three  angular  sizes  of 
stimulus  (13)- 
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named.  The  learning  tended  to  be  verbal  in  nature--a  list 
of  characteristics.  Mu„h  of  this  verbal  learning  was 
unsystematic  and  arbitrary.  This  system  presented  silhou¬ 
ettes  of  bottom-view,  head-on  view,  and  side-views  only. 

The  Renshaw  system  used  brief  exposure  (1/75  or  1/100  s) 
of  the  aircraft  on  a  screen  until  the  trainee  was  able  to 
identify  it.  This  placed  an  emphasis  on  whole-image  learn¬ 
ing,  as  opposed  to  the  image-analysis  idea  of  WEFT. 

This  system  was  not  really  appropriate,  however,  as  brief 
glimpses  of  aircraft  were  very  unlikely.  There  always  was 
plenty  of  time  to  identify  the  aircraft  after  detection. 

Of  the  two  systems,  the  WEFT  allowed  more  subtle  differ¬ 
ences  in  aircraft  shapes  to  be  detected,  and  led  to  better 
recognition  than  did  Renshaw. 

Training  in  this  type  of  skill  becomes  pertinent  only 
after  detection  of  an  approaching  aircraft.  In  a  study  of 
visual  discrimination  (Taylor,  206),  it  was  found  that  sub¬ 
jects’  discrimination  performance  had  reached  a  ''airly  sta¬ 
ble  level  (Figure  64)  at  the  1000th  trial.  No  further 
improvements  in  performance  were  found  out  to  the  50,000th 
trial . 

Taylor  (207),  in  looking  at  a  visual  detection  task, 
found  that  short-term  practice  effects  (most  likely  due  to 
familiarization  with  surroundings  and  habituation)  are  fol¬ 
lowed  by  gradual  long-term  reductions  in  detection  thresh¬ 
old.  The  curve  produced  by  these  long-term  improvements  had 
a  very  low  slope,  and  there  is  high  variability  in  these 
reductions.  This  variability  may  limit  the  usefulness  of 
this  type  of  training  due  to  the  slow  improvement  of  train¬ 
ees. 


Thornton  et  al .  (213)  demonstrated  significant  correla¬ 
tion  between  field  independence  and  amount  of  time  needed  to 
locate  an  aerial  target  (r  =  -0.66,  p  <  0.001).  They  also 
point  to  the  possibility  of  developing  differential  training 
procedures  to  expedite  the  learning  of  target  detection 
based  upon  the  degree  of  field  independence  of  the  trainee. 

Howarth  et  al.  (110)  noted  that  continued  practice  con¬ 
siderably  improves  search  performance  and  reduces  search 
time. 

The  possibility  may  exist  of  increasing  search  efficiency 
by  reducing  fixation  times  (201)  or  making  quicker  saccades 
(117).  Although  Jones  says  that  fixation  times  can  be 
trained,  he  provides  no  clue  as  to  what  procedure  or  method 
may  be  effective.  Presumably,  by  decreasing  fixation  time, 
the  observer  will  be  able  to  search  more  of  the  field  in  a 
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MEAN  RELATIVE  THRESHOLD  CONTRAST 


Figure  64.  Average  practice  curve  from  four  initially 
naive  observers  over  50  experimental  ses¬ 
sions  (206) . 
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shorter  time,  which  would  lead  to  superior  target 
acquisition  performance. 

In  examining  search  in  an  unstructured  visual  field, 
Krendel  and  Wodinsky  (134)  found  no  significant  practice 
effects  (  p  <  0.05)  in  search  performance. 

In  an  air-to-ground  search  situation,  Hansen  and  Wright 
(100)  developed  an  experimental  design  for  evaluating  dif¬ 
ferent  training  procedures.  They  used  two  levels  of  train¬ 
ing  content,  differing  in  amount  of  material  drawn  from  per¬ 
ceptual  theory;  two  levels  of  target  signature 
characteristics,  explicit  definition  versus  comparison  of 
similar  target  objects;  and  two  levels  of  display  dynamics, 
static  slides  or  motion  pictures. 

Hansen  and  Wood  (99)  conducted  an  analysis  of  the  design 
set  up  by  Hansen  and  Wright  (100).  They  found  that  instruc¬ 
tion  in  visual  system  theory  produced  more  positive  training 
effects  than  instruction  in  visual  performance  principles 
(emphasizing  psychophysiological  reasons  for  good  visual 
performance  rather  than  dos  and  don’ts).  They  also  found 
that  static  training  produced  better  performance  than 
dynamic  treatment  and  noted  that  instruction  based  upon 
explicit  definition  of  target  signature  characteristics  was 
more  effective  than  instructions  based  on  comparisons  of 
similar  target  objects  (implicit  definition). 

In  another  examination  of  air-to-ground  search,  Thomas 
(211)  found  that  observers  who  had  received  training  in  the 
form  of  instruction  in  the  use  of  the  side  movement  (looking 
to  the  side  of  the  aircraft  and  moving  the  head  from  side  to 
side)  search  method  had  better  search  performance  than 
observers  instructed  in  any  other  method. 

Thomas  and  Caro  (212)  found  that  observers  trained  in  the 
same  side  movement  search  method  performed  better  at  each  of 
three  aircraft  speeds  in  a  low  altitude  visual  observation 
task.  The  training  consisted  of  a  brief  introduction  to 
visual  search,  including  objectives,  then  classroom  instruc¬ 
tion  and  practice  in  the  type  of  movement  to  be  used.  The 
tendency  to  "lock-on"  (the  detection  of  one  target  causing 
the  missing  of  others)  to  sighted  targets  was  emphasized  as 
a  procedure  to  be  avoided. 

More  recently,  Ginsburg  (personal  communication)  has  had 
success  in  lowering  contrast  sensitivity  thresholds  through 
training.  While  much  research  needs  to  be  done  in  this  area 
to  determine  the  stability  of  such  improvements,  there  seems 
to  be  some  promise  for  improvement  of  detection  by  increas¬ 
ing  sensitivity  at  the  high  spatial  frequencies. 


Search  performance  can  be  improved  through  training,  as 
indicated  by  the  results  of  Thomas  and  Caro  (212).  In  an 
unstructured  field  situation,  other  training  techniques  may 
be  required.  For  example,  Overby  (174)  demonstrated  that 
training  with  search  uniformity  feedback  resulted  in  more 
uniform  coverage  and  improved  search  performance.  Overby 
monitored  eye  movements  and  displayed  to  his  subjects,  after 
each  10  trial  block,  the  display  areas  not  receiving  ade¬ 
quate  search  coverage.  Subjects  trained  under  an  adaptive 
training  regime  improved  faster,  to  a  higher  asymptote,  than 
did  (1)  subjects  trained  on  a  fixed  regime,  or  (2)  control 
subjects. 

In  summary,  training  techniques  sho.v  promise  to  (1) 
improve  peripheral  acuity,  (2)  possibly  improve  foveal  acu¬ 
ity,  (3)  improve  dynamic  visual  acuity,  and  (4)  improve 
search  field  uniformity  of  coverage. 


Selection 


It  may  be  possible,  in  areas  where  visual  search  is  a 
necessity,  to  improve  performance  through  the  initial  per¬ 
sonnel  selection  phase.  This  may  be  done  by  examining  pos¬ 
sible  individual  differences  of  the  observers. 

Because  of  the  importance  of  peripheral  vision  in  search 
situations,  it  would  be  worthwhile  to  administer  a  test  to 
determine  the  size  of  the  prospective  observer's  peripheral 
field,  and  select  those  with  larger  peripheral  fields  for 
continuation  through  training. 

Peripheral  acuity  also  plays  a  large  role  in  visual 
search  situations.  Erickson  (71)  found  that  peripheral  acu¬ 
ity  correlates  signif ictntly  with  search  time.  Selection  on 
the  basis  of  peripheral  acuity  may  be  a  useful  concept. 

Davies  and  Tune  (54)  state  that  present  evidence  suggests 
that  younger  people  perform  better  on  detection  tasks.  This 
may  be  because  the  size  of  the  visual  field  begins  to  shrink 
after  approximately  age  35  (see  Figure  24). 

Davies  and  Tune  (54)  also  say  that  there  is  no  evidence 
of  a  relationship  between  level  of  intelligence}  and  target 
detection  ability.  However,  intelligence  may  still  be  a 
worthwhile  basis  for  selection.  If  the  observer  is  in  a 
situation  where  he  has  competing  tasks,  level  of  intelli¬ 
gence  may  have  a  significant  correlation  with  the  ability  to 
carry  out  all  the  aspects  of  his  task.  It  is  unlikely,  how¬ 
ever,  that  within  USAF  pilot  IQ  ranges,  this  variable  would 
have  any  significance. 
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Thornton  et  al .  (213)  found  a  significant  correlation 
between  perceptual  style  (field  dependence  versus  field 
independence,  the  ability  to  pull  a  figure  from  its  back¬ 
ground)  and  the  ability  to  correctly  identify  targets  in 
aerial  photographs.  Field  independence  also  correlates  pos¬ 
itively  with  detection  time  of  targets.  Selection  on  the 
basis  of  degree  of  field  independence  may  be  a  distinct  pos¬ 
sibility  . 

Powell  (181)  demonstrated  that  smoking  first  stimulates 
then  depresses  the  ability  of  the  eye  to  accommodate  to 
changes  in  position  of  target  stimuli.  Johnston  (115)  found 
that  smoker's  visual  search  performance  did  not  improve  as 
much  as  non-smokers  or  smokers  who  abstained  for  two  weeks. 
Selection  on  the  basis  of  smokers  versus  non-smokers  may 
result  in  significant  improvement  in  search  performance. 

The  possibility  also  exists  of  selection  on  the  basis  of 
individual  differences  that  appear  to  be  consistent  across 
distinct  groups  of  people.  Burg  (43)  found  that  females 
demonstrate  larger  visual  fields  than  men  (Figure  24). 

In  summary,  the  following  aircrew  selection  criteria  may 
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If  large  numbers  of  subjects  are  to  be  used  in  other  simu¬ 
lated  air-to-air  studies,  these  measures  would  be  simple  to 
obtain  and  correlate  with  the  air-to-air  results. 


Type  of  Instruction 

Briefing 

Bahrick  et  al .  (8),  in  examining  the  effects  of  incen¬ 

tives  upon  detection  of  peripheral  stimuli,  found  that  con¬ 
ditions  of  high  incentive  facilitate  performance  on  central 
tasks,  but  interfere  with  the  performance  of  peripheral 
tasks . 

In  a  study  of  the  effects  on  visual  search  of  the  degree 
of  generality  of  instructions  given  to  pho to interpr eter s , 
Enoch  (70)  found  that  less  specific  instructions  led  to  more 
generalized  search  patterns.  There  is  also  a  tendency  to 
concentrate  attention  in  the  center  of  the  display. 
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In  the  air-to-air  situation,  if  one  is  unsure  of  where 
the  conflicting  air  traffic  may  be,  it  may  be  advantageous 
to  point  out  the  need  of  searching  the  entire  field  (includ¬ 
ing  edges  and  corners)  to  the  observer. 

In  cases  where  the  position  of  the  conflict  is  known,  the 
observer  is  greatly  aided  by  more  specific  information. 


PWI  and  Other  Instrument  Methods 

Millhollon  et  al .  (165)  concluded  that  under  good  visual 
flight  rule  (VFR)  conditions,  if  the  pilot  is  given  accurate 
information  on  the  location  of  intruding  aircraft,  he  has  a 
high  likelihood  of  detecting  the  target  in  time  to  take  eva¬ 
sive  action. 

This  information,  supplied  by  Pilot  Warning  Instrument 
(PWI)  systems,  serves  to  reduce  the  uncertainty  as  to  the 
target's  location  in  a  search  situation. 

Graham  (88)  conducted  a  very  rigorous  examination  of  PWI 
systems,  examining  aspects  of  the  situation  such  as  size  of 
the  aircraft,  whether  or  not  one  or  both  pilots  are  able  to 
see  the  position  of  the  other  aircraft,  and  approach  angle. 
In  all  cases,  PWI  resulted  in  an  increased  probability  of 
detection  in  conflict  situations. 

This  result  was  also  noted  by  Andrews  (4).  He  also  var¬ 
ied  aircraft  size  and  shape.  See  Figures  57  and  58  as  an 
example  of  the  data  obtained. 


Optical  Aids 

Sunglasses  and  Colored  Filters 

Katz  et  al .  (121)  found  that  neutral  density  filters 
(density  =  0.65)  led  to  a  reduction  in  number  of  targets 
sighted  in  both  structured  and  empty  field  search  situation 
when  compared  to  lenses  designed  to  introduce  farsightedness 
and  to  piano  lenses  (Figures  65  and  66).  This  reduction  is 
largest  for  smaller  targets,  which  may  be  critical  in  a  vis¬ 
ual  air-to-air  acquisition  task  where  early  detection  is  a 
must . 

Hart  (106)  examined  the  effects  of  several  colored  lenses 
on  visual  target  detection  performance.  He  investigated 
yellow,  red,  and  neutral  colored  filters  as  compared  to  a 
control  condition  of  no  filter,  at  a  number  of  target  ranges 
from  500  to  1450  m.  There  were  no  significant  differences 
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Figure  65.  Number  of  detections  in  structured  field  as 
function  of  treatment  (121,  p.  14). 


in  number  of  correct  detections  or  average  response  time. 
However,  the  observers  preferred  the  yellow  lenses  almost 
two  to  one  (see  Table  21),  which  may  lead  to  an  improvement 
in  detection  in  a  real-world  situation. 

A  paper  by  the  NATO  Advisory  Group  for  Aerospace  Research 
and  Development  (2)  points  to  the  crucial  fact  that  selec¬ 
tion  of  colored  filters  should  not  interfere  with  color  dis¬ 
crimination  (especially  detection  of  red  warning  signals). 
This  is  a  very  strong  argument  for  neutral  density  gray  fil¬ 
ters  if  they  should  be  needed  to  be  used  to  reduce  discom¬ 
fort  from  glare. 


Scopes 

Van  Cott  and  Kinkade  (215)  have  the  following  comments  on 
the  use  of  magnifying  devices  in  target  detection  magnifying 
devices : 

1.  Lower  the  luminance  of  the  target; 

2.  Lower  the  contrast  between  target  and  background; 
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Figure  66.  Number  of  detections  in  empty  field  as  a 
function  of  treatment  (121,  p.  15)- 


3.  Increase  effects  of  vibration; 

4.  Decrease  the  size  of  the  field  of  view;  and 

5.  For  use  in  aircraft,  a  hand-held  or  mounted  bino¬ 
cular  of  3  to  4  power  should  be  used;  higher  pow¬ 
ers  severely  restrict  the  field  of  view  and 
increase  the  effects  of  vibration. 

Binocular  devices  should  be  used  to  identify  the  target 
after  it  has  been  detected  by  other  means,  because  of  the 
restr icted  field  of  view  and  vibration  effects.  While  some 
such  stabilized  systems  (e.g.,  TISEO)  have  been  proven  suc¬ 
cessful,  they  are  beyond  the  scope  of  this  review  and  are 
not  discussed  for  that  reason. 


Lenses  and  Far  Vision 


Whiteside  (227)  found  that  when  a  stimulus  which  can  be 
sharply  focused  is  present  in  the  field  of  view,  the  invol¬ 
untary  focusing  for  near  points  in  an  empty  field  (myopia) 
is  eliminated.  The  effectiveness  of  such  a  stimulus  is  a 


function  of  its  proximity  to  the  line  of  sight.  The  most 
effective  elimination  of  myopia  occurs  when  the  stimulus  is 
in  the  line  of  vision.  Beyond  two  degrees  off  the  line  of 
sight,  it  rapidly  loses  effectiveness,  and  at  five  degrees 
it  loses  almost  all  effectiveness  in  aiding  the  subject  to 

focus  at  infinity.  However,  the  closer  the  stimulus  is  to 

the  line  of  vision,  the  more  it  may  become  an  obstruction  in 
the  observer's  foveal  vision. 

Whiteside  (227)  examined  six  collimated  reticles  and 
their  ability  to  bring  about  accommodation  for  infinity. 
The  reticles  they  investigated  (in  order  of  effectiveness, 
best  to  worst)  are: 

1.  a  hexagon  of  black  spots, 

2.  a  white  cross, 

3.  a  hexagon  of  white  spots, 

4.  a  white  vertical  bar, 

5.  a  white  horizontal  bar,  and 

6.  a  simulated  white  cloud  floor  and  horizon. 

In  another  study,  Brown  (42)  examined  three  other  colli¬ 
mated  reticles  as  compared  to  no  reticle.  He  selected  a 
circle  of  dots,  a  checkerboard  pattern,  and  a  gunsight  pat¬ 
tern  (Figure  67).  He  found  that  the  use  of  a  reticle  at 
best  gave  only  a  doubling  of  acuity  in  empty-field  condi¬ 
tions,  but  this  was  not  a  significant  effect  under  aircraft 
search  situations.  He  also  noted  that  intersubject  varia¬ 
bility  was  greater  than  differences  among  reticles. 

Matthews  et  al .  (156)  found  that  an  aid  in  the  form  of  a 

pattern  with  sharply  defined  edges  placed  at  optical  infin¬ 
ity  resulted  in  a  gain  of  25-30/&  in  performance  (number  of 
targets  correctly  identified  and  response  latency)  on  a  tar¬ 
get  acquisition  task  (  p  <  0.005).  However,  they  found  no 
significant  differences  among  the  three  types  of  reticles 
they  examined--a  small  central  grid  of  lines,  a  larger  grid, 
and  a  dot  pattern.  The  latter  two  covered  the  entire  field 
of  view  (Figure  68). 

Katz  et  al .  (121)  examined  the  use  of  corrective  lenses 

(-0.5  diopters)  on  target  detection  ability  in  homogeneous 
visual  field  situations.  They  found  that  performance  with 
corrective  lenses  was  insignificantly  different  from  that 
with  piano  lenses  (control)  (Figures  65  and  66). 

The  use  of  corrective  lenses  may  lead  to  difficulties  in 
reading  instruments  and  carrying  out  other  tasks  inside  the 
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Figure  67.  Reticle  patterns  used  in  study  (42,  p.  380). 


cockpit.  This  problem  may  be  alleviated  by  removing  the 
glasses,  but  this  is  an  operationally  inappropriate  solu¬ 
tion. 

Most  recently,  Post  et  al .  (180)  neatly  put  to  rest  much 
of  the  uncertainty  concerning  empty  field  myopia.  They 
showed  that  lenses  designed  to  accommodate  the  dark  focus 
resting  state  to  infinity  resulted  in  the  elimination  of  the 
empty  field  myopic  performance.  Thus,  by  measuring  the  dark 
focus  accommodative  level,  and  prescribing  supplementary 
lenses  to  collimate  that  image,  the  subject  is  freed  of  the 
empty  field  myopia  occasioned  by  a  lack  of  visual  stimula¬ 
tion.  This  result  needs  to  be  proven  in  a  simulated 
air-to-air  search  environment,  although  the  supporting  basic 
research  to  date  appears  quite  conclusive. 


Helmet-Mounted  Sights 

Hughes  et  al .  (112)  examined  the  applicability  of  a  hel¬ 
met-mounted  sight  (HMS)  in  the  context  of  a  weapons  delivery 
situation.  They  found  that  an  operator  equipped  with  an  HMS 
can  track  static  and  moving  targets  efficiently  and  accu¬ 
rately  . 

There  may  exist  the  possibility  of  using  the  helmet- 
mounted  sight  as  a  form  of  head-up  display,  to  present  cue¬ 
ing  signals  to  direct  the  operator's  line  of  sight  to  a  tar¬ 
get  which  may  be  initially  undetected  or  outside  his  field 
of  view. 
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A  major  difficulty  of  an  HMS  may  arise  as  a  result  of 
aircraft  vibration  or  voluntary  head  movements  which  stimu¬ 
late  the  vestibular  system  of  the  operator  and  produce 
reflex  eye  movements. 

Another  difficulty  of  HMS  systems  is  the  relatively  long 
period  of  time  required  for  fixation.  The  reason  for  this, 
according  to  Barnes  and  Sommerville  (17),  is  that  the  opera¬ 
tor  must  point  his  head  at  the  target.  This  is  essentially 
an  unnatural  motion,  and  is  much  slower  tbran  just  moving  the 
eyes  to  bring  the  target  into  foveal  vision. 

HMS  systems  have  a  definite  use  in  attack  situations  for 
they  may  be  used  as  aiming  devices  for  weapons  delivery  sys¬ 
tems.  In  this  situation,  the  pilot  has  one  hand  on  the 
stick,  one  on  the  throttle,  and  both  feet  on  the  rudder  con¬ 
trols,  tying  up  his  hands  with  aircraft  control  functions. 

HMS  systems  would  not  be  useful  as  a  direct  means  of  tar¬ 
get  acquisition,  as  they  involve  slower  movements  (head 
movements)  which  would  hinder  rapid,  efficient  scanning  of 
the  visual  field.  However,  they  may  reduce  the  empty-field 
myopia  problem  as  they  provide  a  constant,  collimated  image. 


TV  Image  Enhancement 

Abell  and  Philippou  (1)  examined  the  use  of  closed-cir¬ 
cuit  television  (CCTV)  as  a  method  of  enhancing  the  effec¬ 
tive  contrast  of  weak  targets  seen  against  the  daylight  sky. 
At  low  background  levels,  the  human  eye  is  not  sensitive  to 
background  luminance,  and  is  thus  essentially  target  power 
limited.  At  high  background  luminance  levels,  the  eye  is 
contrast  limited,  especially  as  one  moves  away  from  the  line 
of  fixation. 

If  the  luminance  control  on  the  television  display  is 
turned  down  so  that  the  sky  shown  on  the  screen  is  dark,  the 
luminance  difference  between  the  target  and  the  sky  is  more 
easily  seen.  Then  increasing  the  contrast  control  makes  the 
spot  depicting  the  target  even  brighter.  This,  in  essence, 
cancels  the  sky  luminance  and  enhances  the  effective  con¬ 
trast  of  the  target  with  respect  to  the  sky. 

One  difficulty  with  image  enhancement  is  that  it  is  con¬ 
trast  limited.  The  intervening  atmosphere  has  the  effect  of 
degrading  target-background  contrast. 

Another  problem  is  that  at  low  light  levels,  the  perform¬ 
ance  of  image  intensifiers  is  limited  by  random  fluctuations 
in  the  density  of  the  arriving  stream  of  photons  (10). 
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They  may  also  be  seriously  affected  by  aircraft 
vibrations,  which  may  be  magnified  if  any  magnification  is 
used  in  the  display,  or  if  the  scanning  device  is  not  prop¬ 
erly  balanced. 


Lights ,  Paint 


Robinson  et  al .  (188)  examined  pilots'  ability  to  judge 
outcomes  of  simulated  collisions  and  near-misses  by  varying 
the  color  scheme  on  the  approaching  aircraft.  The  approach¬ 
ing  aircraft  was  treated  with  light  and  dark  paint  to  iden¬ 
tify  major  parts  of  the  aircraft:  top  versus  bottom,  front 
versus  back,  left  versus  right.  They  compared  these  "coded" 
aircraft  to  an  all  white  "uncoded"  craft.  The  researchers 
concluded  that  visual  coding  of  the  type  studied  is  not  of 
significant  help  to  a  pilot  in  determining  the  existence  of 
a  collision  threat. 


Rowland  and  Silver  (189)  remark  that  in  the  absence  of  a 
technological  breakthrough,  efforts  to  increase  conspicuity 
through  exterior  marking  or  painting  will  probably  continue 
to  be  useless.  They  also  recommended  a  white-on-top, 
black-on-bottom  paint  scheme,  which  leaves  about  one-fourth 
of  a  metal  aircraft  aluminum  to  cause  specular  reflection  of 
sunshine.  They  recommend  this  scheme  as  giving  the  best 
contrast  when  viewed  from  above  (white  target  on  darker 
backgrounds)  and  below  (black  target  on  a  white/blue 
brighter  background). 


When  both  aircraft  are  at  the  same  altitude,  the  target 
is  often  of  insufficient  size  to  be  detected,  let  alone 
identified  on  the  basis  of  its  paint  scheme.  In  this  situa¬ 
tion,  paint  schemes  are  not  a  useful  solution. 

Connors  (52)  studied  the  conspicuity  of  target  lights 
against  a  star  background.  For  all  colors  examined,  con¬ 
spicuity  was  best  at  frequencies  of  2-3  Hz.  Connors  also 
found  that  flashing  lights  are  better  than  steady  lights  in 
terms  of  improved  detection.  As  to  color,  in  order  of  con¬ 
spicuity,  blue  and  green  lights  were  responded  to  quickest, 
then  white,  yellow,  and  red,  in  that  order. 
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RECOMMENDED  RESEARCH  PROGRAM 


The  above  literature  review  has  been  used  to  develop 
recommended  research  activities  which  will  provide  both  (1) 
a  better  understanding  of  the  air-to-air  target  acquisition 
problem,  and  (2)  techniques  which  can  be  implemented  to 
yield  improved  air-to-air  performance.  In  keeping  with  the 
objectives  of  this  report,  these  following  recommended 
research  program  elements  are  listed  in  priority  order, 
highest  priority  first. 

1.  Search  Technique  and  Training . 

Very  little  research  has  been  designed  to  investigate  the 
effect  of  various  search  patterns  on  ai^-to-air  (simulated 
or  real)  detection.  It  is  necessary  to  determine  the  extent 
to  which  a  uniform  scan  can  be  made  and  maintained  by  an 
observer  looking  at  an  unstructured  field. 

Various  scan  techniques  could  be  determined  from  inter¬ 
views,  or  perhaps  experiments,  with  successful  air-to-air 
combat  pilots.  Alternate  scan  patterns  should  be  devised; 
groups  of  subjects  should  be  trained  in  these  scan  patterns; 
and  target  detection  performance  should  then  be  related  to 
the  groups'  training  types.  Eye  movement  recordings  would 
probably  be  desirable  during  training  to  provide  feedback  on 
the  extent  to  which  the  subjects  learn  the  specified  pat¬ 
terns.  Adaptive  training  shows  promise  in  this  application 
and  should  be  evaluated  further.  Real-time  recording  and 
analysis  of  eye  movements  appear  necessary  to  insure  an 
effective  search  training  program. 

Present  data  do  not  lead  us  to  any  particular  recommended 
scan  pattern.  Thus,  logical  patterns  can  also  be  generated, 
aside  from  those  suggested  by  the  pilot  interviews.  Possi¬ 
ble  patterns  worthy  of  consideration  include  expanding  spi¬ 
ral,  "reading"  (left-right,  top-bottom),  and  horizontal  with 
vertical  dither. 

The  eye  movement  recording  method  to  be  used  will  require 
further  study.  NASA  has  successfully  incorporated  a  Honey¬ 
well  oculometer  into  a  commercial  airplane  cockpit,  and  the 
U.S.  Army  at  Ft.  Rucker  has  successfully  used  a  Mackworth- 
type  head-mounted  camera  in  helicopters.  The  remote  camera, 
oculometer  type  seems  most  appropriate,  although  a  combina¬ 
tion  of  a  head  position  sensing  system  and  a  helmet-mounted 
display  with  a  recording  device  seems  to  offer  promise  also. 
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Much  will  depend  on  the  constraints  of  the  study.  If 
done  in  a  laboratory,  the  dual  Purkinje  image  tracker  can  be 
used  with  real-time  data  processing  and  much  higher  accu¬ 
racy. 

2.  Acuity  and  Air-to-Air  Detection. 

Existing  data  suggest  that  peripheral  acuity  may  be 
strongly  related  to  air-to-air  target  detection,  and  that 
foveal  acuity  might  also  be  related.  Further  study  is  cer¬ 
tainly  required  here,  probably  in  a  laboratory  simulation, 
with  large  numbers  of  subjects.  In  addition  to  standard 
acuity  measures,  both  foveal  and  peripheral,  it  is  important 
to  obtain  contrast  sensitivity  functions  (CSF)  for  all  sub¬ 
jects.  As  Ginsburg  (personal  communication)  has  cogently 
pointed  out,  we  need  to  understand  the  subject's  functioning 
at  all  spatial  frequencies,  not  just  at  the  higher  Snellen 
frequencies.  CSFs  should  be  obtained  foveally  and  peripher¬ 
ally,  and  these  should  be  related  to  simplified  search  and 
detection  data.  Eye  movement  recordings  will  provide  addi¬ 
tional  information  in  these  studies,  in  terms  of  search 
dynamics  such  as  saccade  extent  and  fixation  duration. 

The  object  of  this  research  element  would  be  to  determine 
if  visual  selection  variables  can  be  used  to  screen  for 
pilots  who  would  have  better  air-to-air  detection  perform¬ 
ance  . 

3.  Workload  and  Air-to-Air  Search . 

We  have  very  little  information  on  the  effects  of  crew 
workload  upon  air-to-air  target  detection.  Pertinent  ques¬ 
tions  include:  Do  pilots  effectively  time  share  in-cockpit 
duties  with  visual  search?  Under  high  workload  conditions, 
is  visual  search  less  organized?  Less  effective?  Is  there 
more  (or  less)  "looking  without  seeing"  as  workload 
increases? 

These  and  other  questions  require  careful  study,  in  a 
simulation  program  of  high  fidelity  and  complexity. 

4.  Mathematical  Model  Improvement . 

While  the  Akerman  and  Kinzly  (3)  model  approach  seems  to 
be  an  improvement  over  previous  research,  additional  devel¬ 
opment  appears  feasible  and  desirable.  It  is  understood 
that  some  British  data  are  perhaps  pertinent;  in  addition, 
the  new  Navy  air-to-air  combat  range  should  provide  large 
amounts  of  controlled,  parametric  data.  If  quantitative 
conversion  might  be  made  from  laboratory  (simulation) 
results  to  field  results,  then  additional  simulation  studies 
are  suggested.  Conversion  of  these  data  sources  warrants 
additional  consideration. 
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5.  Empty-F ield  Myopia . 

At  the  present  time,  it  appears  that  empty-field  myopia 
is  a  real  operational  problem  at  high  altitudes  and  in  a 
clear  sky.  While  provision  of  lenses  of  dark  focus  correc¬ 
tion  power  would  apparently  alleviate  this  problem,  such 
correction  might  also  interfere  with  other  (in-cockpit) 
tasks.  Thus,  recent  research  has  provided  an  understanding, 
but  not  necessarily  a  solution. 

Other  potential  solutions  include  collimated  reticles 
(e.g.,  on  an  HMD)  and  training  to  hold  far-point  accommoda¬ 
tion.  The  HMD  or  HUD  contribution  to  reducing  empty-field 
myopia  should  be  evaluated  experimentally,  either  in  flight 
or  in  a  simulation  experiment. 

It  is  also  suggested  that  training  techniques  be  consid¬ 
ered  for  the  control  of  accommodation.  Standard  training 
techniques  with  accommodative  measurement  feedback  should  be 
evaluated.  One  might  also  consider  more  unusual  training 
techniques,  e.g.,  biofeedback.  Once  it  is  demonstrated  that 
accommodation  is  trainable,  then  the  transfer  and  retention 
of  this  skill  to  a  simulated  air-to-air  complex  search  task 
must  be  evaluated. 


Summary 


It  is  extremely  difficult  to  estimate  the  probability  of 
success  of  a  research  program  when  it  is  designed  to  improve 
a  long  recognized  operational  shortcoming.  Nevertheless,  in 
the  spirit  of  this  literature  analysis,  and  in  conformance 
with  the  contractual  statement  of  work,  the  following  esti¬ 
mates  of  probability  of  success  are  given  for  each  of  the 
recommended  research  program  elements. 

1.  Search  Technique  and  Training:  p  =  0.75; 

2.  Acuity  and  Air-to-Air  Detection:  p  =  0.60; 

3.  Workload  and  Air-to-Air  Search:  p  =  0.50; 

4.  Mathematical  Model  Improvement:  p  =  0.25; 

5.  Empty-Field  Myopia:  p  =  0.25. 


129 


ANNOTATED  BIBLIOGRAPHY 


Most  annotations  are  those  of  the  authors,  taken  verbatim. 
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targets  seen  against  the  daylight  sky.  Optical  Engi- 
neer  ing ,  1974,  J_3,  105. 

Closed-circuit  television  equipment  can  aid  an 
observer  in  visual  acquisition  of  weak  targets  seen 
against  a  daylight  sky.  Theoretical  and  practical 
factors  are  reviewed,  and  results  are  shown. 
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(AGARD),  T.  J.  Tredici  (Ed.),  Visual  aids  and  eye 
protection  for  the  aviator.  North  Atlantic  Treaty 
Organization,  AGARD  Conference  Proceedings,  No.  191, 
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This  paper  discusses  the  major  ocular  hazards  encoun¬ 
tered  in  military  aviation  and  describes  some  protec¬ 
tive  measures  which  may  be  adopted.  The  hazards  con¬ 
sidered  are  solar  glare,  bird  strike,  wind  blast, 
miniature  detonating  cord,  lasers,  and  nuclear  flash. 
The  role  of  image  intensities  in  aviation  is  also 
d i scussed . 


3.  Akerman,  A.  and  Kinzly,  R.  E. ,  Predicting  aircraft 
detectability,  Human  Factors,  1979,  2_1_,  277-291. 

A  visual  search  model,  VIDEM,  has  been  formulated  for 
predicting  the  detectability  of  a  single  unknown  tar¬ 
get  in  an  unstructured  surround.  The  intended  appli¬ 
cation  is  aircraft  detection.  The  model  consists  of 
four  components:  a  liminal  contrast  threshold,  a 
fr equency-of-seeing  curve,  a  soft-shell  search  repre¬ 
sentation,  and  discrete  cumulation  of  single-glimpse 
detection  probabilities.  The  formulation  was  devel¬ 
oped  by  registering  five  existing  models  against 
three  controlled  search  experiments.  The  five  models 
used  represent  all  appropriate  laboratory  data, 
including  those  of  Blackwell,  Lamar,  Sloan,  and  Tay¬ 
lor.  The  search  experiments  included  a  large  air¬ 
craft  field  test,  with  precise  photometric  target 
measurements  correlated  to  the  detection  events.  The 
model  registrations  were  done  using  nonlinear  parame¬ 
ter  estimation  techniques,  and  by  comparing  model 


predictions  to  actual  event  cumulatives  with  the 
Kolmogorov-Smirnov  statistic.  The  resultant  V1DEM 
model  is  a  derivative  of  Sloan’s  data,  cast  into  the 
popular  visual  lobe  equations  of  Lamar. 


Andrews,  J.  W.  Air-to-air  visual  acquisition  perform¬ 
ance  with  pilot  warning  instrument  (PWI).  Federal 
Aviation  Administration  Project  Report  FAA-RD-77-30, 
1977. 

Subject  pilot  tests  conducted  at  the  MIT  Lincoln  Lab¬ 
oratory  have  produced  new  data  characterizing  the 
ability  of  general  aviation  pilots  to  visually 
acquire  potential  collision  hazards  when  aided  by 
Pilot  Warning  Instruments  (PWI).  In  this  paper, 
major  issues  in  the  design  of  Pilot  Warning  Instru¬ 
ments  are  reviewed.  Visual  acquisition  performance 
is  described  in  terms  of  a  non-homogeneous  Poisson 
process  and  results  of  previous  experiments  are  rein¬ 
terpreted  in  this  light.  It  is  shown  that  the  major 
test  results  can  oe  explained  in  terms  of  an  acquisi¬ 
tion  rate  which  is  proportional  to  the  solid  angle 
subtended  by  the  target.  Model  parameters  appropri¬ 
ate  for  the  Lincoln  Laboratory  flight  test  data  are 
derived  by  maximum  likelihood  techniques.  A  statis¬ 
tical  analysis  of  significance  is  performed  for  other 
factors  which  are  not  explicitly  included  in  this 
model.  Performance  predictions  for  a  wide  variety  of 
aircraft  sizes,  approach  speeds,  and  visibility  con¬ 
ditions  are  presented. 


Attneave,  F.  Perception  of  place  in  a  circular  field. 
Amer .  J.  of  Psych .  ,  1955,  68,  69. 

The  ability  of  individuals  to  locate  objects  in  vis¬ 
ual  space  has  engaged  the  interest  of  many  investiga¬ 
tors.  Thus,  there  is  a  voluminous  literature  on 
depth  perception,  and  recent  studies  have  investi¬ 
gated  the  judgment  of  "azimuth,"  of  "bearing,"  and  of 
po  in  ter- po s  i  t  ion  on  a  linear  scale.  Such  studies, 
however,  have  almost  invariably  dealt  with  a  single 
spatial  dimension  at  a  time,  and  the  extent  to  which 
their  results  are  general izable  to  two-  and  three-di¬ 
mensional  situations  is  not  clear.  It  is  evident 
ft  om  common  observation,  as  well  as  from  the  unidi¬ 
mensional  studies,  that  place-perception  is  largely 
dependent  upon  certain  "anchors"  or  landmarks.  One 
may  reasonably  suspect  that  as  dimensionality  is 
increased,  these  landmarks  may  acquire  more  important 
configurational  properties  than  exist  in  simpler 
cases.  In  the  present  study,  the  observer  was 
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required  to  reproduce,  from  immediate  memory,  the 
Locations  of  points  presented  to  him  singularly  on  a 
circular  screen  in  the  frontal  plane.  The  cnly  land¬ 
mark  objectively  present  was  the  circular  border  of 
the  field  itself.  The  results  derive  their  chief 
interest'  however,  from  the  fact  that  they  imply  the 
presence  of  certain  additional  landmarks  of  a  subjec¬ 
tive  or  implicit  nature. 


6.  Avant,  L.  L.  Vision  in  tin1  Ganzfeld.  Psychological 
Bulletin ,  1965,  64,  246. 

A  summary  of  the  evidence  on  exposure  to  structure¬ 
less  visual  fields  is  presented.  The  data  show  the 
experience  of  such  fields  to  be  characterized  by 
reports  of:  immersion  in  a  "sea  of  light"  which  sep¬ 
arates  into  figure  and  ground  as  brightness  is 
increased,  chromatic  adaptation  in  colored  fields, 
loss  of  efficiency  in  detecting  the  presence  and 
movement  of  inhomogeneities  introduced  into  the 
field,  disorientation  of  the  observer,  an  increased 
and  fluctuating  state  of  accommodation,  and  the  occa¬ 
sional  joint  occurrence  of  an  apparent  cessation  of 
function  of  the  visual  mechanism  and  increased  alpha 
activity  in  the  brain. 


7.  Baekman,  H.  A.  Visual  accommodation  variations  during 
t rans -At lant ic  cockpit  duties.  Aviation ,  Space ,  and 
Env i ronmen  tal  Medic i no ,  1976,  47,  438. 

Twenty  airline  pilots  measured  their  near  point  of 
accommodation  employing  a  modified  Prince's  Rule. 
Measurements  were  performed  periodically  travelling 
east-  and  west-bound.  Five  clerical  control  subjects 
performed  the  same  measurements  over  two  consecutive 
days.  The  ranges  of  variability  of  the  near  point  of 
accommodation  were  compared  between  the  two  groups, 
direction,  and  days.  No  statistically  significant 
variability  of  accommodation  was  found  in  the  compar¬ 
isons. 


8.  Bahrick,  H.  P.,  Fitts,  P.  M.,  and  Rankin,  R.  E. 
Effects  of  incentives  upon  reactions  to  peripheral 
stimuli.  Journal  of  Experimental  Psychology,  1952, 
44,  400 -406 . 

This  experiment  tested  the  hypothesis  that  an 
increase  in  incentive  results  in  increased  perceptual 
selectiveness  favoring  those  parts  of  the  stimulus 
field  whi«-h  are  interpreted  by  subjects  as  most 
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relevant  to  the  expected  reward.  A  modified  Buxton 
pursuit  apparatus  was  used  as  a  continuous  central¬ 
tracking  task.  Three  kinds  of  intermittent  periph¬ 
eral  stimuli,  differing  both  in  the  amount  of  rele¬ 
vance  to  reward  expectations  and  in  the  facility  with 
which  they  could  be  detected  in  peripheral  vision, 
were  employed.  Two  incentive  conditions  were  used. 
The  low-incentive  condition  was  produced  by  telling 
subjects  that  the  trials  were  practice  trials.  The 
high-incentive  condition  was  produced  by  offering  a 
sliding-scale  bonus  which  ranged  from  five  cents  to 
three  dollars,  for  good  performance.  Results  are  in 
good  agreement  with  the  prediction  that  a  condition 
of  high  incentive  facilitates  performance  of  a  cen¬ 
tral  task,  but,  in  general,  interferes  with  perform¬ 
ance  of  peripheral  tasks.  The  detrimental  results  of 
the  bonus  upon  responses  to  peripheral  stimuli  were 
greatest  on  the  peripheral  task  in  which  expectation 
of  reward  can  be  assumed  to  have  been  the  least. 
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9.  Bailey,  H.  H.  Target  acquisition  through  visual  recog¬ 
nition:  an  early  model.  Office  of  Naval  Research, 

Target  Acquisition  Symposium,  Naval  Training  Center, 
Orlando,  FL,  14-16  November  1972,  pp.  113-122. 

One  of  the  early  attempts  to  provide  a  quantitative 
model  for  predicting  the  capabilities  of  an  observer 
in  looking  for  pre-briefed  targets  is  described. 
This  model  is  structured  according  to  three  distin¬ 
guishable  psychophysical  processes:  Deliberate 

search  over  a  fairly  well-defined  area;  detection  of 
contrasts  (a  subconscious  ret i no-neural  process);  and 
recognition  of  shapes  outlined  by  the  contrast  con¬ 
tours  (a  conscious  decision  based  on  comparison  with 
memory).  The  probability  that  the  three  steps  are 
completed  successfully  gives  the  probability  of  tar¬ 
get  detection.  The  foregoing  is  essentially  a  static 
model.  Modifications  to  allow  for  the  dynamics  of 
flight  approaching  a  target,  and  for  individual  tar¬ 
get  motion  relative  to  the  background,  are  also 
desc  r ibed . 


10.  Bailey,  H.  H.  and  Mundie,  L.  G.  The  effects  of  atmos¬ 
pheric  scattering  and  absorption  on  the  pcrfornian''(> 
of  optical  sensors.  RAND  Corporation,  Santa  Monica, 
CA,  Memorandum  RM-5938-PR,  March  1969. 

This  memorandum  derives  convenient  analytical  expres¬ 
sions  for  the  effects  of  atmospheric  scattering  and 
absorption  on  the  performance  of  optical  sensors, 
including  the  human  eye ,  photoelectric  devices,  pas- 
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sive  infrared  sensors,  and  active5  gatod-v  iewi  ng 
systems.  Following  S.  0.  Duntley  and  W.  E.  K.  Mid¬ 
dleton,  the  apparent  or  transmitted  radiance,  N,  of  a 
source  is  first  shown  (in  the  case  of  uniform  illumi¬ 
nation  of  the  path  and  a  spatially  homogeneous  spec¬ 
trum  of  particle  sizes  and  types)  to  be  given  by  the 
expression  N  =  Nq  t  +  N  (1  -  T),  wlu.ro  N  is  the 
inherent  (zero-range)  radiance,  T  is  the  transmit¬ 
tance  of  the  atmosphere,  and  N  can  be  considered  the 
radiance  of  the  horizon  sky  measured  at  an  appropri¬ 
ate  azimuth.  The  factor  that  limits  the  performance 
of  each  sensor  is  then  found  in  terms  of  the  apparent 
radiance  of  the  target  and  its  surrounding  back¬ 
ground.  Finally,  the  transmittance  for  this  limiting 
factor  is  determined  for  each  type  of  sensor  with  the 
aid  of  the  above  expression  for  the  apparent  radi¬ 
ance  . 

At  background  luminance  levels  exceeding  about  10“^ 
cd/m^  (corresponding  to  scene  radiances  prevailing 
until  15  min  after  sunset),  the  human  eye's  perform¬ 
ance  is  determined  by  the  contrast  (Bt  -  Bb)/Bb 
between  target  and  background,  where  Bt  and  Bb  repre¬ 
sent  the  brightness  of  the  target  and  its  background, 
respectively.  The  performance  of  photographic  film 
is  also  usually  limited  by  contrast.  With  the  aid  of 
the  expression  for  radiance  transmission  given  above, 
the  contrast  transmittance  of  the  atmosphere  is  shown 
to  be  t  =  (l  +  K ( 1  -  T ) /T ) ~ ^ .  where  K  is  the 
sky/ground  radiance  ratio. 

At  lower  background  luminance  levels,  the  eye  behaves 
as  if  it  were  photon-noise-limited,  which  is  shown  by 
the  fact  that  the  threshold  value  of  (Bt  -  Bb)/Bb  is 
essentially  independent  of  the  radiance  level,  as  is 
characteristic  of  photon-noise-limited  sensors  such 
as  image  intensifiers  and  low-light-level  TV  equip¬ 
ment.  The  degradation  due  to  atmospheric  scattering 
of  the  performance  of  these  devices  and  of  vision  at 
lower  light  leveLs  is  thus  determined  by  t  the 
atmospheric  transmittance  of  tjiis  function,  Imictiis 
shown  to  be  given  by  t  =  T^'“  1  +  K(1  -  T)/T  * ' “ . 

When  gated  viewing  is  used ,  the  effect  of  path  lumi¬ 
nance  may  be  avoided  by  time  separation,  and  the  sig- 
nal-to-noise  ratio  is  directly  proportional  to  the 
atmospheric  transmittance  T.  Similarly,  the  S/N 
transmittance  for  infrared  sensors  is  equal  to  T1R, 
the  infrared  atmospheric  transmittance.  In  the  case 
of  targets  against  the  horizon  sky,  the  relevant, 
tran  mittanoe  is  shown  to  be  approximately  equal  to  T 
for  any  optical  sensor. 


11.  Baker,  C.  A.  Visual  aspects  in  collision  avoidance  of 
Air  Force  aircraft.  Visual  Search  Techniques ,  Pro¬ 
ceedings  of  a  symposium,  Publication  712,  National 
Academy  of  Science,  NRC  Committee  on  Vision,  April 
1959. 

The  following  statistics  were  made  available  by  the 
Air  Force  Directorate  of  Flight  Safety  Research:  (1) 
From  January  1947  to  June  of  1958  the  Air  Force  has 
experienced  634  mid-air  collisions.  (2)  Collisions 
between  military  and  civilian  aircraft  are  rare;  only 
18  such  accidents  have  occurred.  (3)  Approximately 
four  out  of  every  five  mid-air  collisions  occur  under 
visual  contact  conditions  during  daylight  hours.  (4) 
The  majority  of  mid-air  collisions  occur  within  20 
miles  of  an  airdrome.  (5)  Jet  aircraft  were  involved 
over  five  times  as  frequently  in  major  accidents  as 
were  non-jet  aircraft.  (6)  The  errors  of  commission 
or  omission  in  mid-air  collisions  indicate  that  the 
pilots  of  jet  aircraft  perceive  the  other  aircraft 
either  not  at  all  or  too  late  to  avoid  contact. 


12.  Baker,  C.  A.,  Morris,  D.  F.,  and  Steedman,  W.  C.  Tar¬ 
get  recognition  on  comolex  displays.  Human  Factors, 
I960,  2,  51. 

This  study  was  conducted  to  determine  the  speed  and 
accuracy  of  form  recognition  :  (1)  the  amount  of 

distortion  between  the  reference  form  and  the  target 
form,  (2)  the  number  of  irrelevant  forms  in  the  dis¬ 
play,  and  (3)  the  stimulus  properties  of  the  forms 
involved.  The  stimulus  forms  were  generated  by  fill¬ 
ing  in,  on  a  statistical  basis,  some  of  the  cells  of 
a  90,000-cell  matrix.  The  subjects  were  shown  a  ref¬ 
erence  photograph  of  a  target  and  instructed  to 
locate  that  target  on  a  display  containing  numerous 
other  forms.  Both  criterion  measures,  viz.,  search 
time  and  errors,  increased  as  a  function  of:  (1)  an 

increase  in  the  number  of  irrelevant  forms  on  the 
target  displays,  and  (2)  an  increase  in  the  differ¬ 
ence  between  the  resolution  of  the  reference  form  and 
that  of  the  target  display.  A  quantitative  descrip¬ 
tion  of  the  targets,  which  can  be  used  to  predict 
relative  target  difficulty,  was  developed. 


13.  Baker,  C.  A.  and  Steedman,  W.  C.  Estimates  of  visually 
perceived  closure  rates.  Human  Factors,  1962,  4, 

343. 


The  ability  of  subjects  to  estimate  the  relative  dis¬ 
tance  travelled  by  a  luminous  object  approaching  on  a 
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collision  course  and  viewed  in  an  otherwise 
st imu lus- f ree  field  has  been  i nvest igated .  This 
research  stems  from  an  analysis  of  visual  skills 
anticipated  for  certain  manned  space  vehicle  opera¬ 
tions.  The  stimulus  object  at.  onset  had  an  angular 
subtense  of  1,  12,  or  26  min  of  arc.  It  approached 
at  two  velocities  from  five'  starting  distances,  thus 
yielding  a  total  of  20  experimental  conditions.  The 
subjects'  task  was  to  indicate  when  the  stimulus 
object  had  traversed  one-half  of  the  original  dis¬ 
tance.  Large  constant  and  variable  errors  were  evi¬ 
dent  in  the  estimates  of  subjects  with  no  training  at 
the  task.  Subjects  provided  with  training,  through 
knowledge  of  results  after  each  estimate,  demon¬ 
strated  a  considerable  reduction  in  both  constant  and 
variable  errors.  After  training,  subjects  were  able 
to  estimate  when  the  object  had  reached  the  half-way 
point  with  an  accuracy  such  that  50  percent  of  the 
half-way  estimates  fell  within  a  range  equal  to  5 
percent  of  the  initial  observation  distance. 


Baker,  C.  A.  and  Steedman,  W.  C.  Man's  visual  capabil¬ 
ities  in  space:  Perception  of  movement  in  depth. 

Unpublished  manuscript,  date;  unknown.  Behavioral 
Science  Lab,  Aerospace  Medical  Research  Laboratory, 
Wr ight-Patterson  AFB,  OH. 

In  a  manned  space  flight,  man  will  be  required  to 
perform  certain  visual  tasks  in  the  environment  exte¬ 
rior  to  his  space  vehicle,  such  as  inspection  and 
rendezvous.  Much  is  known  about  the  visual  cues  man 
uses  to  evaluate  closing  rate's,  to  extrapolate  rela¬ 
tive  courses,  and  to  estimate  distances  to  other 
objects  in  his  normal  environment.  Not  much  is  known 
about  man’s  ability  to  make  such  observations  in 
space  where  the  relatively  unstructured  visual  envi¬ 
ronment  will  deprive  him  of  many  familiar  cues.  This 
paper  describes  research  findings  on  man’s  ability  to 
perceive  relative  movements  of  an  object  in  depth  as 
a  function  of  luminance,  angular  size,  and  rate  of 
relative  movement  when  the  object  is  viewed  in  an 
otherwise  unstructured  visual  field.  These  data  are 
useful  in  describing  the  capabiliites  of  man’s  visual 
system  to  perform  terminal  navigation  for  rendezvous 
in  space.  In  general,  they  improve  the  basis  for 
determining  what  functions  art'  best,  assigned  to  man 
and  what  to  machine  in  manned  space  vehicles. 


Baldwin,  R.  D.  ,  Frederirkson ,  K .  W.,  Kubala,  A.  L.  , 

McCluskey,  M.  R.,  and  Wright,  A.  0.  Ground  observer 
ability  to  detect  and  estimate  the  range  ,»f  j,.t  air- 


craft  flying  over  hilly  terrain.  HumRRO  Division  No. 
5,  Fort  Bliss,  TX,  August  19G8. 

Sixteen  observers  were  used  in  the  tests.  They 
received  training  in  range  estimation  at  Fort  Bliss, 
Texas,  just  prior  to  the  test.  Observers  were  sys¬ 
tematically  rotated  from  target  to  target  and  were 
instructed  to  search  a  180-degree  sector  for  each 
trial,  with  early  warning  of  an  aircraft  approach 
being  provided  in  some  trials.  Observers  were 
assigned  a  range  to  estimate  for  both  inbound  and 
outbound  legs  of  the  flights.  Three  real  time  events 
were  recorded  for  each  observer  for  each  trial  by 
means  of  an  observer  response  box.  These  events  were 
time  to  detection,  time  when  the  aircraft  was  at  the 
estimated  inbound  range,  and  time  when  the  aircraft 
was  at  the  estimated  outbound  range.  In  addition  to 
real  time  events,  the  observer  completed  a  post-trial 
questionnaire  for  each  trial.  The  questions  per¬ 
tained  to  whether  or  not  smoke  was  seen  at  the  time 
of  detection,  against  what  kind  of  background  the 
aircraft  was  seen,  and  whether  or  not  the  aircraft 
was  seen  before  it  was  heard.  The  average  distance 
of  the  aircraft  at  detection  for  all  trials  was 
approximately  6,200  meters.  A  measure  of  aircraft 
apparent  size  (ASA)  was  found  to  be  correlated  with 
cumulative  percent  detection.  Ground  observers 
detected  the  aircraft  before  the  pilot  acquired  the 
ground  range  target  60%  of  the  time.  The  range  esti¬ 
mation  data  indicated  ttiat  observers  can  estimate  the 
range  of  outbound  aircraft  more  accurately. 


16.  Barmack ,  N.  K.  Dynamic  visual  acuity  as  an  index  of 
eye  movement  control.  Vision  Research ,  1970,  10, 

1377-1391. 

The  dynamic  visual  acuity,  DVA ,  of  man  and  monkey  was 
determined  and  the  associated  horizontal  eye  move¬ 
ments  were  correlated  with  DVA.  Monkeys  have  supe¬ 
rior  DVA,  but  inferior  static  visual  acuity.  The 
saccadic  and  smooth  pursuit  eye  movements  of  monkeys 
are  of  shorter  latency  and  higher  velocity  than  those 
of  man.  Monkeys  need  only  one  saccade  to  attain  a 
maximum  smooth  pursuit  velocity  of  140  deg/sec, 
whereas  man  needs  two  or  more  saccades  to  attain  a 
smooth  pursuit  velocity  of  90  deg/sec.  It  is  proba¬ 
ble  that  three  factors  determine  DVA:  (1)  fovea  1 

visual  acuity,  (2)  oculomotor  control,  (3)  parafoveal 
visual  acuity.  It  is  shown  that  monkeys  have  better 
oculomotor  control  than  man  and  it  is  inferred  that 
monkeys  have  better  parafoveal  acuity.  In  addition, 
it  is  demonstrated  that,  monkeys,  like  men,  arc  capa¬ 
ble  of  predictive  eye  tracking. 


137 


17.  Barnes,  G.  R  and  Sommerville,  G.  P.  Visual  target 
acquisition  and  tracking  performance  using  a  helmet- 
mounted  sight.  Aviation,  Space,  and  Environmental 
Medicine,  1978,  M9,  565. 

Experiments  have  been  conducted  on  human  subjects  to 
assess  the  efficiency  with  which  a  helmet-mounted 
sighting  system  can  be  used  to  locate  and  track  tar¬ 
get  sources  in  the  horizontal  plane.  In  the  first 
experimental  condition,  in  which  the  sight  was 
aligned  with  discrete  stationary  target  sources,  the 
latency  between  target  presentation  and  final  target 
location  was  in  the  2-^4  sec  range,  dependent  upon  the 
amplitude  of  target  offset  and  the  rate  of  head  move¬ 
ment.  In  the  second  condition,  subjects  were 
instructed  to  track  a  sinusoidally  oscillating  visual 
image  with  the  sight.  Tracking  performance  was  found 
to  be  impaired  when  the  frequency  of  oscillation  was 
increased  beyond  0. 8-1.0  Hz.  Recording  of  eye  move¬ 
ment  during  both  experimental  conditions  indicated 
that  the  impairment  of  performance  could,  in  part,  be 
attributed  to  involuntary  eye  movements  consequent 
upon  stimulation  of  the  vestibulo-ocular  reflex  by 
the  head-turning  movements. 


18.  Barnes,  M.  J.  Display  size  and  target  acquisition  per¬ 
formance.  China  Lake,  Naval  Weapons  Center  Report 
No.  NW  C-T  P-6006 ,  1978. 

Two  experiments  were  conducted  to  find  factors  that 
have  an  important  effect  on  display  size  criteria  in 
a  cockpit-display  system.  Subjects  in  both  experi¬ 
ments  detected  military  targets  simulating  images 
from  a  TV  camera  looking  obliquely  forward  as  it  is 
flown  over  the  terrain.  The  results  of  the  two  expe¬ 
riments  indicate  that  the  physical  size  of  a  televi¬ 
sion  monitor  is  not  an  important  factor  if  MTF  and 
visual  angle  are  held  constant.  Of  the  factors  stud¬ 
ied,  the  four  most  important  were:  number  of  tar¬ 

gets,  visual  angle  of  targets,  target  contrast,  and 
target  configuration.  The  data  from  the  second  expe¬ 
riment  were  used  to  generate  a  multiple  regression 
model.  The  relationship  between  target  visual  angle 
and  display  size  allowed  the  regression  model  to  be 
used  to  predict  performance  as  a  function  of  display 
size. 


19.  Bate,  A.  J.  and  Self,  H.  C.  Effects  of  simulated  task 
loading  on  side-looking  radar  target  recognition. 
Wright-Patterson  AFB,  OH:  AMRL-T R-67- 1 4 1 ,  June  1968. 
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20.  Becker,  W.  and  Fuchs,  A.  F.  Further  properties  of  the  ! 

human  saccadic  system:  Eye  movements  and  correction  !' 

saccades  with  and  without  visual  fixation  points.  ’ 

Vision  Research ,  19G9,  9,  1247-1258.  ! 

The  execution  of  normal  saccadic  eye  movements  was 

found  to  depend  upon  clearly  visible  fixation  points.  L 

Eye  movements  made  in  the  dark  or  in  an  otherwise  >* 

homogeneous  field  exhibited  10%  longer  durations  and 

16%  slower  maximum  velocities  than  those  between  well 

illuminated  targets.  An  increase  in  duration  is  [J 

already  noticeable  when  the  fixation  points  disappear 

350  ms  before  the  saccade.  A  second  sacoade  often 

occurs  despite  the  absence  of  fixation  points.  This 

phenomenon  led  to  experiments  which  suggest  that  for 

large  angles,  the  eye  movement  response  is  prepro-  Hj 

grammed  as  two  movements  and  that  the  second  saccade  V 

in  the  package  is  determined  by  a  position  error  sam-  !' 

pie  of  70  ms.  >- 


21.  Behar,  I.,  Kimball,  K.  A.,  and  Anderson,  D.  A.  Dynamic 
visual  acuity  in  fatigued  pilots.  US  Army  Aeromedi- 
cal  Research  Laboratory,  Report  No.  76-24,  1976. 

Six  rotary  wing  aviators  were  subjects  in  a  continu¬ 
ous  operation  regimen  involving  some  12  hours  of  fly¬ 
ing  and  3.5  hours  sleep  daily  for  five  days.  Esti¬ 
mates  of  performance  on  a  dynamic  visual  acuity  (DVA) 
task  were  obtained  several  times  each  day  during  the 
study  using  target  velocities  of  25  deg  and  40  deg/s. 
DVA  performance  varied  significantly  during  the 
fatigue  regimen  when  measurements  were  made;  with  tar¬ 
get  velocities  of  40  deg/s;  with  lower  velocity  tar¬ 
gets,  differences  in  DVA  scores  were  not  signified. 
This  indicates  the  need  to  tax  the  oculomotor  system 
to  demonstrate  fatigue  effects.  Fatigue  effects  were 
partially  obscured  by  practice  effects  which  are  con¬ 
siderable  in  the  DVA  task.  DVA  scores  correlated 
only  moderately  with  subjective  estimates  of  fatigue 
intensity  and  flying  performance;,  and  IP  ratings  of 
performance,  but  the  cluster  of  correlations  provided 
a  consistent  picture. 


22.  Bendel,  R.  B.  A  visual  dynamic  detection  model.  Aut.o- 
netics  Operations  Analysis  Note  34,  31  July  1964. 

The  problem  of  visual  detection  from  an  aircraft  fly¬ 
ing  at  low  altitudes  is  based  upon  a  single  glimpse 
probabilistic  approach.  That  is,  the  eye  gathers 
information  while  it.  is  viewing  or  fixating  on  a 
region  of  space  and  the  probability  that  the  target 
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is  detected  during  this  fixation  is  called  the  single 
glimpse  probability.  It  should  be  emphasized  that 
the  single  glimpse  approach  assumes  that  the  identi¬ 
fication  of  a  target  occurs  during  one  fixation. 
Normally,  the  problem  is  separated  into  a  "detection" 
problem  and  a  "recognition"  problem.  At  any  rate, 
when  we  assume  that  successive  glimpses. are  independ¬ 
ent  of  each  other,  then  this  approach  leads  to  an 
exponential  distribution  in  the  static  problem--that 
is,  when  the  distance  between  the  target  and  the 
observer  doesn't  change  with  time.  Now,  in  the 
dynamic  problem,  this  approach  leads  to  an  integral 
which  requires  the  average  time  to  detect  in  the 
static  problem  as  a  function  of  range.  This  is 
accomplished  by  utilizing  data  which  are  obtained 
under  various  laboratory  conditions. 


23.  Besco,  R.  0.  The  effects  of  cockpit  vertical  accelera¬ 
tion  on  a  simple  piloted  tracking  task.  Human  Fjac- 
tor s ,  1961,  3,  299. 

This  report  presents  the  results  of  an  experimental 
simulation  study  of  the  effects  of  vertical  accelera¬ 
tions  on  the  ability  of  pilots  to  track  a  simple, 
one-dimensional  random  signal  on  the  "Pilot  Operated 
Dynamic  Flight  Simulator."  It  was  concluded  that 
pilots  could  track  significantly  better  with  simple 
aircraft  response  motion  cues.  However,  when  gusts 
and  turbulence  were  added  to  the  cockpit  motion,  per¬ 
formance  was  significantly  degraded. 


24.  Bhatia,  B.  and  Verghese,  C.  A.  Constancy  of  the  visi¬ 
bility  of  a  moving  object  viewed  from  different  dis¬ 
tances  with  the  eyes  fixed.  Journal  of  the  Optical 
Society  of  America ,  1963,  53 ,  283. 

It  is  observed  that  when  the  speed  of  a  moving 
object,  the  length  of  a  slit  behind  which  the  object 
appears  at  periodic  intervals,  and  the  duration  of 
each  exposure  of  the  object  at  the  slit  are  kept  con¬ 
stant,  the  threshold  of  detection  as  measured  by  the 
linear  size  of  the  object  does  not  vary  with  changes 
in  the  distance  between  the  observer  and  the  object 
over  a  range  of  1  to  5  m.  On  the  other  hand,  the 
threshold  of  detection  as  measured  by  the  angular 
size  of  the  object  is  markedly  different  for  the  dis¬ 
tances  of  1  to  5  m,  when  the  angular  velocity  of  the 
object,  the  angular  size  of  the  slit,  and  the  dura¬ 
tion  of  exposure  of  the  object  are  kept  constant  for 
the  two  distances.  The  results  are  explained  on  the 
basis  of  a  physiological  correlate,  at  the  psychovi- 
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sual  cortex,  of  the  phenomenal  size  and  speed  of  the 
object.  This  pattern  is  assumed  to  remain  constant 
in  spite  of  the  changes  produced  at  the  retinal  level 
by  variations  in  distance  between  the  observer  and 
the  moving  object.  The  progressive  decrease  in  the 
visibility  of  a  moving  object  with  increase  in  its 
linear  velocity  is  not  caused  by  the  changes  in  the 
quality  of  discharge  by  individual  retinal  receptors, 
but  is  considered  to  be  related  to  the  stimulus  pat¬ 
tern  at  the  psychovisual  cortex. 


25.  Blackwell,  H.  R.  Contrast  thresholds  of  the  human  eye. 

Journal  of  the  Optical  Society  of  America,  1946,  36, 

624-643. 

Experimental  data  are  presented  representing  approxi¬ 
mately  450,000  responses  made  by  trained  observers 
under  laboratory  conditions.  Contrast  thresholds  are 
presented  for  stimuli  brighter  and  darker  than  their 
background,  and  for  two  values  of  stimulus  exposure. 
In  each  case,  wide  variations  were  studied  in  the 
parameters:  stimulus  contrast,  stimulus  area,  and 

adaptation  brightness. 


26.  Blackwell,  H.  R.  The  effect  of  target  size  and  shape 
on  visual  detection:  IV.  Some  relations  with  previ¬ 
ous  investigations.  Report  of  Project  MICHIGAN ,  Uni¬ 
versity  of  Michigan,  Willow  Run  Laboratories,  Febru¬ 
ary  1959,  2144-335-T. 

Previous  investigations  were  all  concerned  with  the 
effects  of  target  size  and  shape  upon  the  visual 
detection  threshold.  The  basic  approach  of  the  pres¬ 
ent  report  is  to  reanalyze  data  from  the  earlier 
reports  in  the  series  to  facilitate  comparison  with 
the  data  of  earlier  investigators.  It  is  shown  that 
the  data  of  Brown  and  Niven,  and  Niven  and  Brown,  are 
in  good  agreement  with  the  data  from  the  first  paper 
in  the  present  series  by  Kr istofferson  and  Blackwell. 
The  data  of  Fry  are  also  shown  to  be  in  general 
agreement  with  the  much  more  extensive  data  of  Kris- 
tofferson  and  Blackwell.  The  data  of  Lamar,  Hecht, 
Shlaer,  and  Hendley  and  those  of  Lamar,  Hecht,  Hend- 
ley,  and  Schlaer,  are  shown  to  agree  with  Kristoffer- 
son  and  Blackwell  data  except  for  large  targets  of 
extreme  shape.  An  explanative  hypothesis  is  offered 
to  account  for  the  difference  in  terms  of  an  artifact 
which  could  have  been  involved  in  the  search  proce¬ 
dure  used  by  Lamar  et  al  .  Previously  unpublished 
data  are  offered  to  support  this  hypothesis.  An 
investigation  has  been  made  of  the  adequacy  of  the 
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perimeter  theory  of  Lamar  et  al •  in  rectifying  data 
from  the  previous  papers  in  this  series.  This  formu¬ 
lation  is  shown  to  have  considerable  predictive  suc¬ 
cess  with  the  data  of  Kr istof ferson  and  Blackwell. 
However,  it  is  believed  that  the  formulation  cannot 
be  supported  in  detail,  and  that  the  empirical  and 
theoretical  formulations  offered  in  earlier  papers  in 
the  present  series  represent  refinements  on  the  per¬ 
imeter  theory. 


27.  Blackwell,  H.  R.  Neural  theories  of  simple  visual  dis¬ 
criminations.  Journal  of  the  Optical  Society  of 
America ,  1963)  53.,  129-1  6TT7 

Simple  visual  discriminations  such  as  detection  of 
presence  and  recognition  of  small  differences  in  the 
spatial  and  temporal  patterns  of  objects  have  been 
explained  in  some  detail  in  recent  years  by  variants 
of  the  physical  quantum  theories.  The  present  paper 
summarizes  the  status  of  an  alternative  group  of  the¬ 
ories,  which  are  classed  as  neural,  primarily  to  dis¬ 
tinguish  them  from  the  physical  quantum  theory,  and 
compares  the  two  groups  of  theories.  The  neural  the¬ 
ories  are  models  of  the  visual  system  as  a  whole  and 
include  assumptions  concerning  the  transformation  of 
stimulus  to  sensory  events,  and  the  decision  process 
involved  in  discrimination.  They  are  neural  by 
inference  only,  and  rarely  specify  the  type  of  neural 
activity  or  the  neural  site  at  which  the  events 
occur.  The  bulk  of  the  paper  is  devoted  to  a 
description  of  specific  neural  theories,  attributable 
to  the  writer,  concerned  with  (a)  the  detection  proc¬ 
ess  and  the  form  of  threshold  probability  data;  and 
(b)  the  relation  of  threshold  delta  I/I  to  I,  and  to 
the  spatial  and  temporal  characteristics  of  the  stim¬ 
ulus.  These  theories  are  compared  to  selected  re¬ 
lated  theories.  The  Swets-Tanner  decision  theory  is 
contrasted  with  the  present  detection  threshold  the¬ 
ory  and  various  lines  of  evidence  are  summarized.  It 
is  shown  that  data  previously  used  to  support  the 
Swets-Tanner  theory  are  inconclusive.  Brief  evidence 
against  the  Swets-Tanner  theory  comes  from  data 
obtained  in  a  stimulus-comparison  experiment,  and 
from  the  contradiction  implied  when  the  relations 
assumed  to  exist  between  stimulus  and  sensor  magni¬ 
tudes  over  the  threshold  range  are  extended  to  a 
wider  range.  Evidence  is  presented  which  is  in  favor 
of  the  present  theories  and  opposed  to  the  neural 
theories  of  Graham  and  his  colleagues  which  related 
threshold  delta  I/I  to  the  spatial  and  temporal  char¬ 
acteristics  of  the  stimulus.  This  evidence  comes 
primarily  from  detection  thresholds  for  stimuli  corn- 
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posed  of  twin  spatial  points  or  double  temporal 
pulses,  which  the  Graham  theories  cannot  explain.  In 
addition  to  spatial  and  temporal  summation,  double 
spatial  and  temporal  stimuli  exhibit  probability  sum¬ 
mation  whenever  the  sensory  correlates  of  the  stimuli 
exhibit  twin  modes.  A  5-6  cps  scanning  mechanism  is 
shown  to  exist  which  breaks  up  prolonged  temporal 
stimuli  and  provides  probability  summation  along  the 
separate  parts. 


28.  Blackwell,  H.  R.  and  Bixel,  G.  A.  The  visibility  of 
non-uniform  target-background  complexes:  I.  Prelimi¬ 

nary  experiments.  Rome  Air  Development  Center,  Grif- 
fiss  AFB ,  NY.  Technical  Report  No.  890-1,  1971. 

A  study  has  been  made  of  the  extent  to  which  it  is 
meaningful  to  assign  a  value  of  "effective  contrast" 
to  represent  the  visibility  of  a  target  in  a  target- 
background  complex  in  which  target  and  background  may 
be  of  non-uniform  luminance.  The  meaningful  assign¬ 
ment  of  a  value  of  effective  contrast  implies  that 
this  value  constitutes  an  index  of  the  visibility  of 
the  target  in  a  target-background  complex  which  pos¬ 
sesses  some  degree  of  invariance  or  general izabi l i ty . 
The  present  study  has  tested  the  extent  to  which  a 
value  of  relative  contrast  assigned  to  a  target-back¬ 
ground  complex  on  an  arbitrary  basis  appears  general - 
izable  to  various  values  of  general  luminance  and  to 
various  values  of  detection  probability. 

Experiments  were  first  conducted  in  which  the  thresh¬ 
old  value  of  relative  contrast  was  established  at 
various  luminance  levels,  utilizing  a  method  of 
adjustment  to  threshold.  Experiments  were*  also  con¬ 
ducted  in  which  the  probability  of  detect  ion  was 
established  as  a  function  of  values  of  relative  con¬ 
trast,  utilizing  a  method  of  constant  stimuli  with  a 
temporal  forced-choice  discriminatory  criterion.  The* 
relations  of  the  threshold  value  of  physie*,al  contrast 
to  background  luminance,  and  the  relations  e>f  detec¬ 
tion  probability  to  physical  contrast  we*re  also 
established  with  target-background  displays  in  which 
each  was  of  uniform  luminance.  It  was  fecund  that  a 
conve rs ion  factor  e’.ould  b<*  found  in  each  scries  of 
experiments  which  would  adjust  value's  of  re'lat.ive 
contrast  for  non-uniform  backg remneis  to  value's  of 
physie-.al  contrast  for  uniform  backgrounds.  This 

implies  that  a  value  of  effective  contrast.  assign<*d 
at  one*  level  of  luminance*  e>r  probability  may  be*  gen¬ 
eral  ize*d  tea  othe*r  luminances  e>r  other  probability's. 
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29.  Blackwell,  H.  R.  and  Moldauer,  A.  B.  Detection 
thresholds  for  point  sources  in  the  near  periphery. 
Bureau  of  Ships,  Department  of  the  Navy,  Contract  No. 
NOBS-72028 ,  Washington,  D.  C. ,  June  1958,  AD-759  729. 

Two  observers  have  obtained  visual  detection  thresh¬ 
olds  for  the  foveul  center  and  for  22  locations  in 
the  peripheral  retina  within  a  radius  of  12  deg  from 
the  fovea.  The  locations  have  fallen  eight  equally 
spaced  meridians  of  the  visual  field,  at  distances  of 
1,2,  4,  8,  and  12  deg  from  the  fixational  center. 

These  measurements  have  been  made  at  each  of  nine 
levels  of  background  luminance,  ranging  from  0  to  75 
ft-Lamberts.  A  total  of  2(38,250  observations  have 
been  made,  using  the  temporal  forced-choice  variant 
of  the  method  of  constant  stimuli.  The  target  was  a 
circle,  whose  diameter  subtended  1  minute  of  arc;  the 
exposure  duration  was  0.01  s. 


20.  Bloomfield,  J.  R.  Visual  search.  Ph.D.  dissertation, 
University  of  Nottingham,  October  1970. 

For  most  of  the  experimental  work  reported  here  a 
competition  task  was  used,  with  the  target  having  to 
be  located  when  other  confusing,  non-target  stimuli 
were  also  present  in  the  display.  A  model  of  search, 
derived  from  basic  search  theory,  was  found  to  handle 
some  of  the  data  for  the  competition  situation,  and 
data  by  others  for  search  in  a  plain  background.  The 
model  gave  equations  suggesting  that  search  time  is  a 
function  of  fixation  time1,  total  search  area,  and  the 
area  within  which  the  target  can  be  seen  in  a  single 
fixation.  The  latter  term  could  be  related  to  meas¬ 
urable  characteristics  of  the  target  and  background 
stimuli.  Finally,  the  view  is  put  forward  that 
observers  search  in  a  methodical  way,  and  that  the 
degree  of  efficiency  with  which  they  do  this  depends 
on  the  amount  of  overlap  between  successive  fixa¬ 
tions.  The  earlier  search  equations  for  exhaustive 
efficient  search  are  amended,  though  those  based  on 
an  independent  fixation  strategy  have  to  be  aban¬ 
doned.  A  cumulative  probability  of  detection  equa¬ 
tion  accounting  for  response  time  factors,  fixation 
overlap,  and  the  characteristics  of  targets  and  no 
targets  is  given. 


81.  Bloomfield,  J.  R.  Kxperiments  in  visual  search.  Vis¬ 
ual  Symposium  conducted  at  the  spring  meet¬ 

ing,  1970,  Committee  on  Vision,  Division  of  Beha¬ 
vioral  Sciences,  National  Research  Council  ,  National 
Academy  of  Sciences,  Washington,  D.  1972. 
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The  work  described  here  was  carried  out  in  an  attempt 
to  elucidate  some  of  the  problems  involved  in  visual 
search.  There  were  two  general  objectives:  (1)  to 
provide  a  sound  body  of  empirical  data,  and  (2)  to 
develop  a  viable  theoretical  framework.  Several 
experiments  have  been  performed  with  competition 
search  tasks  in  which  the  target  had  to  be  located 
when  other  nontarget  stimuli  were  also  present  in  the 
display.  An  adaptable  apparatus  was  devised.  This 
enabled  a  series  of  studies  to  be  undertaken,  some  of 
which  are  reported  here.  It  was  found  that  as  the 
difference  in  size  of  targets  and  nontargets 
decreased,  search  times  increased  for  both  regularly 
arranged  and  irregularly  arranged  stimulus  displays. 
For  some  easier  targets,  the  location  times  were 
largely  dependent  on  response  factors,  while  the 
times  became  more  and  more  dependent  on  search  fac¬ 
tors  as  the  target-nontarget  difference  decreased.  A 
comparison  of  two  display  densities  led  to  the  sug¬ 
gestion  that  search  time  is  a  function  of  the  square 
root  of  the  number  and  density  of  nontargets.  Search 
times  appear  to  be  distributed  exponentially. 
Howarth  and  Bloomfield  (1963,  1969)  derived  a  model 
of  search  that  makes  use  of  the  linear  relationship 
between  threshold  stimulus  size  and  retinal  eccen¬ 
tricity.  Using  this  model,  it  is  possible  to  relate 
mean  search  times  to  target-background  characteris¬ 
tics,  in  particular  to  the  square  of  the  difference 
in  diameter  of  target  and  nontarget  discs.  This 
approach  is  illustrated  here.  It  is  argued  that  the 
fastest  search  time  obtained  for  a  given  target  can 
be  taken  as  an  estimate  of  response  time.  This  time 
is  not  related  to  the  square  of  the  diameter  differ¬ 
ence  but  to  the  difference  itself.  It  is  suggested 
that  these  two  relations,  of  mean  search  time  and 
fastest  search  time  with  target-background  character¬ 
istics,  might  be  used  to  develop  a  measure  in  terms 
of  diameter  differences  for  search  situations  in 
which  the  target  and  background  differ  in  other  ways 
than  size.  This  is  illustrated  for  grouped  targets 
and  targets  differing  in  shape.  While  some  progress 
has  been  made,  we  remain  a  long  way  from  being  able 
to  deal  with  many  complex  search  situations. 

(Howarth,  C.  I.  and  Bloomfield,  J.  R.  Towards  a  the¬ 
ory  of  visual  search.  AGARD  Conference  Proceedings, 
No.  41,  A. 2,  1968.)  (Howarth,  C.  I.  and  Bloomfield, 
J.  R.  A  rational  equation  for  predicting  search 
times  in  simple  inspection  tasks.  Psychonomic  Sci., 
1969,  17,  225-226.)  ' 
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32.  Bloomfield,  J.  Ft.  Theoretical  approaches  to  visual 
search.  Human  rel iabi  1  ity  in  quality  control ,  ed.  by 
J.  G.  Fox  and  C.  G.  Drury.  London:  Taylor  and  Fran¬ 
cis,  1975. 

After  a  discussion  of  peripheral  visual  acuity  and 
its  relationship  to  visual  search,  various  theoreti¬ 
cal  approaches  to  visual  search  are  reviewed.  Some 
of  these  have  very  limited  value,  others  have  more 
obvious  uses.  Descriptive  equations  have  been  devel¬ 
oped  from  and  used  in  studies  of  visual  search. 
These  make  use  of  the  relationship  between  search  and 
acuity.  Possible  applications  to  visual  inspection 
of  the  ideas  developed  by  search  theorists  are  dis¬ 
cussed  . 


33.  Bloomfield,  J.  P.  The  development  of  training  proce¬ 
dures  for  air-to-air  search.  Unsolicited  proposal. 

A  two-phase,  twelve-month  program  of  research  is  pro¬ 
posed.  The  objective  of  the  program  is  to  devise  and 
develop  training  procedures  for  air-to-air  target 
acquisition.  Efficient  training  methods  and  techni¬ 
ques  are  needed  in  order  that  observers,  faced  with 
the  complex  and  demanding  task  of  ai^-to-air  target 
acquisition,  might  achieve  the  highest  performance 
levels  they  are  capable  of  as  quickly  as  possible. 
The  first  phase  of  the  program  is  analytical.  It 
consists  of  two  tasks.  First,  air-to-air  target 
acquisition  will  be  analyzed  and  evaluated.  Availa¬ 
ble  documentation  will  be  reviewed,  air-to-air  simu¬ 
lation  facilities  will  be  visited,  and  discussions 
will  be  held  with  experienced  pilots.  In  the  second 
task,  training  methods  and  procedures  will  be  devised 
and  the  most  promising  of  them  will  be  selected.  A 
brief  technical  memorandum  will  be  issued  at  the  end 
of  the  first  phase.  The  second  phase  is  experimen¬ 
tal,  and  it  consists  of'  four  tasks.  First,  prepara¬ 
tions  will  be  made  so  that  the  selected  training 
techniques  and  a  test  task  can  be  administered.  The 
second  task  will  be  to  conduct  the  experiment.  The 
test  task  will  be  presented  to  all  the  observers 
before  and  after  they  receive  a  different  type  of 
training.  Thirdly,  the  data  obtained  before  and 
after  training  will  be  analyzed  to  deter,, .ine  which 
training  techniques  are  most  effective.  Finally, 
details  of  the  research  will  be  given  in  a  report 
that  will  be  the  final  produc*\  of  the  program. 


3*4.  Bloomfield,  J.  !, .  and  Howarth,  C.  I.  Testing  visual 
search  theory.  NAT*  Advisory  Group  on  Human  Factors 
Symposium,  Image  Evaluation,  Mio;  h,  August  1 959. 
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In  our  previous  work,  we  have  suggested  two  rela¬ 
tively  simple  equations  to  handle  search  data  for 
targets  of  varying  size  in  competition  and  plain 
background  search  situations.  One  equation  gives 
mean  search  time  as  a  function  of  fixation  time, 
total  search  area,  and  the  area  within  which  the  tar¬ 
get  can  be  seen  in  a  single  fixation.  In  the  second 
equation,  the  last  term  has  been  replaced  by  a  func¬ 
tion  that  is  related  to  measurable  characteristics  of 
the  target  background  relationship.  The  research 
reported  here  describes  how  we  have  separately  deter¬ 
mined  each  of  the  terms  in  these  equations  for  the 
competition  search  situation.  We  have  amended  the 
second  equation,  to  some  extent,  as  a  result  of  these 
experiments.  In  addition,  we  have  found  that,  when 
compared  with  the  actual  mean  search  time  obtained 
for  the  most  difficult  of  the  targets,  our  theoreti¬ 
cal  predictions  were  surprisingly  good.  They  are 
poor  fc r  the  smaller  targets.  Our  equations  have 
some  predictive  value,  but  they  do  not  account  for 
all  the  data.  However,  we  hope  to  be  able  to  extend 
our  approach  so  it  is  more  satisfactory,  by  attempt¬ 
ing  to  deal  directly  with  cumulative  search  time  dis¬ 
tributions  and  by  incorporating,  in  some  way,  a  meas¬ 
ure  representing  response  time  in  our  measures. 


Bloomfield,  J.  R.,  Marmurek,  H.  H.,  and  Traub,  B.  G. 
Color  and  texture  differences  in  embedded  target  vis¬ 
ual  search  situations.  Proceed ings  of  the  Human  Fac¬ 
tors  Society,  18th  Annual  Meeting,  197*1. 

This  study  provides  a  direct  investigation  of  embed¬ 
ded  target  visual  search  situations.  The  relation¬ 
ships  between  measures  of  visual  search  performance, 
peripheral  visual  acuity,  and  ratings  of  discrimina- 
bility  were  determined.  The  embedded  target  displays 
were  constructed  using  a  color  and  a  monochrome  tex¬ 
ture  background.  They  were  used  in  a  rating  study, 
in  which  the  production  magnitude  rating  method  was 
used,  and  in  visual  search  and  peripheral  acuity 
experiments.  In  the  first  of  these,  23  observers 
rated  the  d i sc r im i nab i 1 i ty  of  five  color  targets  from 
the  color  background,  and  of  four  black  and  white 
targets  from  the  monochrome  background.  There  were 
two  visual  search  experiments.  Five  observers 
searched  the  color  background  for  the  color  targets, 
and  six  searched  the  monochrome  background  for  the 
black  and  white  targets.  In  both  experiments,  after 
practice,  there  were  60  search  trials  per  observer 
per  target.  The  extent  into  the  periphery  that  the 
five  color  targets  could  be  seen  when  the  color  i  i  s- 
play  was  exposed  for  0.3  s,  was  measured  for  th*  five 


observers  used  in  the  color  search  task.  The  same 
measurement  was  made  with  the  .black  and  white  stimu¬ 
lus  materials  for  four  of  the  six  observers  used  with 
the  monochrome  task.  For  the  color  stimulus  materi¬ 
als,  a  set  of  simple  relationships  was  found  to 
describe  the  measures  obtained  in  all  three  experi¬ 
mental  areas.  The  results  with  the  monochrome  tex¬ 
ture  material  did  not  fit  the  same  equations  so  well. 
The  equations  were  based  on  those  developed  by 
Howarth  and  Bloomfield  for  search  situations  involv¬ 
ing  targets  that  were  confused  with  other  nontarget 
objects.  For  the  color  display,  the  relationships 
among  mean  search  time  (t),  peripheral  visual  acuity 
(A),  and  rated  d i sc r im inab i 1 i ty  (D),  could  be  summa¬ 
rized  as  follows:  This  is  an  encouraging  finding. 
It  leads  one  to  hope  that  predictive  procedures 
developed  from  these  simple  relationships  can  be 
applied  to  a  wide  range  of  complex  search  situations. 


36.  Bloomfield,  J.  R.  and  Modrick,  J.  A.  Cognitive  proc¬ 
esses  in  visual  search.  Proceedings  of  the  Sixth 
Annual  Congress  of  the  International  Ergonomics  Asso¬ 
ciation,  1  976. 

This  approach  to  visual  search  introduces  the  con¬ 
cepts  of  organization,  variable  field  of  view,  and 
congratulation.  It  builds  upon  ideas  developed  in 
g limpse/ detect  ion  lobe  models  of  visual  search.  It 
suggests  experiments  that  go  beyond  an  assessment  of 
variables  that  affect  visual  search  performance,  in 
the  hope  that  these  will  eventually  lead  to  a  compre¬ 
hensive  cognitive  theory  of  visual  search. 


37.  Boynton,  R.  M.  and  Bush,  W.  R.  Laboratory  studies  per¬ 
taining  to  visual  air  reconnaissance.  Wr ight-Pa tter- 
son  AFB,  OH,  WADC  Technical  Report  55-304,  April 
1  957. 

This  is  the  second  part  of  a  three-stage  program  con¬ 
cerning  the  investigation  of  relevant  variables 
involved  in  visual  air  reconnaissance.  Using  the 
apparatus  and  procedures  developed  during  the  first 
stage,  experimentation  has  been  conducted  to  deter¬ 
mine  the  effects  of  (a)  brightness  contrast,  (b)  an 
extended  range  of  distances,  (c)  response  tendencies 
of  the  subjects,  (d)  number  of  figures  in  an  array, 
(e)  exposure  time,  and  (f)  experience  with  an  array 
on  the  ability  of  human  subjects  to  detect  and  cor¬ 
rectly  identify  a  rectilinear  form  among  a  group  of 
curvilinear  forms.  Results  are  pr  sented  as  percent 
correct  recognition  (i.o.,  correctly  identifying  a 
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"target"),  although  some  data  for  detection  and  error 
responses  are  also  given.  Recognition  is  found  to 
increase  with  (a)  increased  contrast,  (b)  decreased 
distance,  (c)  decreased  numbers  of  figures,  and  (d) 
increased  exposure  time,  but  does  not  significantly 
change  with  either  (a)  response  techniques,  or  (b) 
experience  with  arrays.  Both  detection  and  errors 
are  affected  by  response  tendencies.  Conclusions 
from  this  research  and  some  considerations  of  further 
experimentation  are  presented  in  the  text. 


Boynton,  R.  M.,  Elworth,  C.,  and  Palmer,  R.  M.  Laoora- 
tory  studies  pertaining  to  visual  air  reconnaissance. 
WADC  Technical  Report  55-304,  April  1958. 

This  is  the  third  and  final  part  of  a  three-stage 
report  on  a  program  concerning  the  investigation  of 
relevant  variables  involved  in  visual  air  reconnais¬ 
sance.  A  mathematical  relationship  is  worked  out 
which  yields  the  contrast  required  for  60%  correct 
recognition  as  a  function  of  sub ject- target  distance, 
exposure  time,  and  number  of  confusion  forms  (struni- 
forms)  among  which  the  critical  target  may  be 
located.  By  translating  altitude  into  experimental 
distance,  aircraft  velocity  into  viewing  time,  and 
conditions  of  viewing  (including  meteorological  con¬ 
ditions)  into  contrast,  predictions  are  made  about 
how  performance  should  vary  as  a  function  of  alti¬ 
tude,  from  500  to  30,000  ft.  General  statements  are 
given  which  attempt  to  summarize  the  results  of  these 
calculations.  Further  studies  are  reported  in  which 
a  preliminary  attempt  is  made  to  understand  individ¬ 
ual  differences  in  searching  ability  as  the  related 
parafoveal  form  recognition,  visual  acuity,  and  eye 
movements . 


Bradford,  W.  H.  A  mathematical  model  for  determining 
the  probability  of  visual  acquisition  of  ground  tar¬ 
gets  by  observers  in  low-level  high-speed  aircraft. 
Sandia  Laboratories,  Albuquerque,  NM ,  SLA-74-0141, 

April  1974. 

A  cumulative  distribution  function  for  determining 
the  probability  of  visually  acquiring  ground  targets 
by  observers  in  low-level  high-speed  aircraft  has 
been  formulated  as  a  function  of  range  from  target 
and  a  number  of  other  parameters  believed  to  have  a 
major  influence  on  target  acquisition.  Some  illus¬ 
trative  calculations  are  included. 


149 


Brenton,  J.  G.  The  mathematical  model  and  computer 
program  description  for  Tost  4.4,  visual  reconnais¬ 
sance.  Sandia  Corporation,  Albuquerque,  MM ,  9C- 

TN-2047-4,  Contract  No.  7402,  13  January  1967. 

A  performance  measure  for  the  visual  acquisition  of 
targets  by  pilots  engaged  in  reconnaissance  is  devel¬ 
oped.  Area,  point-to-point,  and  route  reconnaissance 
are  considered.  A  flow  diagram  of  a  digital  simula¬ 
tion  of  the  model  is  presented  with  some  sample  cal¬ 
culations. 


Brody,  H.  R.,  Corbin,  H.  H.,  and  Voikmann,  J.  Stimulus 
relations  and  methods  of  visual  search.  Visual 
Search  Techniques ,  Proceedings  of  a  Symposium,  Publi¬ 
cation  712,  National  Academy  of  Sciences,  Committee 
on  Vision,  April  1959. 

The  task  is  to  describe  briefly  two  experimental  sit¬ 
uations  and  to  state  the  principal  results.  One  sit¬ 
uation  deals  with  horizon  search,  and  the  other  with 
search  in  a  rectangular  matrix.  The  main  stimulus 
relations  that  our  experiments  have  turned  up: 
first,  the  search  time  varies  directly  as  the  angular 
range  over  which  the  subject  must  search.  This  rela¬ 
tion  appears  to  be  linear.  Secondly,  search  time 
varies  inversely  with  the  brightness  of  the  stimuli, 
though  we  did  not  determine  the  precise  form  of  the 
relation.  These  experiments  imposed  no  special 
method  of  search  upon  the  subject.  Next  is  a  special 
dependent  variable:  the  angular  range  within  which 

detection  is  rapid.  This  range  varies  with  target 
brightness.  The  results  show  that  at  high  brightness 
levels  the  brief  stimuli  could  be  seen  anywhere 
within  lGO'J1o.  At  the  middle  brightness  the  effective 
range  was  decreased  to  about  70"'',  and  at.  the  low 
brightness  to  only  15  %.  Under  different  experimen¬ 
tal  conditions,  when  both  eye  and  head  movements  were 
permitted,  some  brief  stimuli  were  not  soon  even  at 
high  brightness.  (angular  rang”  shrank  to  90'  %.) 
Searching  behavior  produces  misses  as  well  as  discov¬ 
eries.  In  a  paced  search  situation,  fast  rates  are 
better  than  slow  ones,  but  there  is  an  optimal  rate 
of  search  of  about  5  s  per  cycle  in  this  experiment . 


Brown,  R.  H.  Rmpty- field  myopia  and  visibility  o f  dis¬ 
tant  objects  at  high  altitudes.  American  Journal  of 
Psychology ,  1957,  70 ,  376 . 

Pilots  and  observers  in  planes  at  altitudes  of  35,000 
ft  or  higher  frequently  report  difficulties  in  the 


visual  detection  of  other  aircraft.  Among  the 
factors  Listed  as  being  contributory  to  these  diffi¬ 
culties  are  anoxia,  glare,  windscreen  obscuration, 
low-contrast  and  small  apparent  size  of  other  planes 
at  desirable  ranges  of  detection,  the  narrow  field  of 
vision  for  objects  near  the  threshold  of  detectabil¬ 
ity,  difficulty  of  systematically  scanning  the  sky, 
and  nearsightedness  induced  by  an  empty  field.  The 
purpose  of  the  present  study  is  to  determine  the 
extent  to  which  a  collimated  reticle  corrects  for 
empty-field  nearsightedness  and  aids  in  visual  detec- 
t  ion . 


43.  Burg,  A.  Lateral  visual  field  as  related  to  age  and 
sex.  J.  of  Appl ied  Psychology ,  1968,  52,  10. 

Lateral  nasal  and  temporal  visual  field  measurements 
were  obtained  by  means  of  a  screening  perimeter  for 
nearly  17300  Ss ,  ages  16-92.  The  major  findings  are: 
(a)  temporal  and  total  fields  are  maximum  to  about 
age  35,  after  which  field  constricts  progressively 
with  advancing  age,  (b)  nasal  fields  increase  to  a 
maximum  occurring  about  age  35  or  40,  after  which  a 
progressive  decline  takes  place,  and  (c)  females  con¬ 
sistently  demonstrate  slightly  larger  visual  fields 
than  men.  Possible  interpretations  for  these  and 
other  findings  are  presented,  and  additional  research 
is  suggested  to  explain  some  of  the  relationships 
obtained  in  the  study. 


44.  Burg,  A.  and  Hulbert,  S.  Dynamic  visual  acuity  as  rel¬ 
ated  to  age,  sex ,  and  static  acuity.  J.  of  Applied 
Psychology ,  1961,  4 5 ,  111. 

The  results  of  this  research  clearly  indicate  that  a 
person's  ability  to  discriminate  a  moving  target  can¬ 
not  be  accurately  predicted  from  his  static  acuity, 
and  that  the  adequacy  of  this  prediction  decreases  as 
the  speed  of  the  moving  target  increases.  The  exact 
nature  of  those  factors,  other  than  static  acuity 
that  influences  dynamic  acuity,  is  not  yet  known,  but 
it  is  probable  that  they  involve  the  efficiency  of 
the  entire  oeulo-motor  system.  No  relationship  was 
found  between  dynamic  visual  acuity  (DVA)  and  either 
critical  flicker  frequency  or  lateral  phoria  ( ACA 
ratio).  Also,  the  number  of  subjects  (small)  in  the 
higher  age  brackets  makes  impossible  a  generalization 
as  to  the  effects  of  age  on  DVA  perf  ormanee . 
Finally,  the  results  suggest  a  consistent  and  signif¬ 
icant  difference  in  performance  between  male  and 
female  subjects,  the  la  tier  performing  less  ade- 
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quately.  It  is  suggested  that  testing  of  a  large 
number  of  additional  subjects  of  both  sexes  and  of 
all  ages  will  serve  to  correct  the  several  inconsis¬ 
tencies  appearing  in  these  results,  but  it  is  not 
expected  that  the  basic  conclusions  will  be  signifi¬ 
cantly  altered.  Once  having  established  DVA  as  a 
relatively  independent,  reliable  measure  of  visual 
ability,  the  next  step  becomes  the  study  of  the  rela¬ 
tionship  between  DVA  and  performance  in  a  variety  of 
tasks  where  disc riminat Lon  of  moving  objects  plays  a 
key  role,  such  as  in  driving,  ball  playing,  and  the 
like.  Studies  are  currently  underway  toward  this 
end . 


45.  Camp,  R.  W.  Military  characteristics  for  t  im<>-sha  r  i  ng 
scan  trainer.  NAVTRAEQUPCBN  Task  No.  8G81  52-73, 
January  1974. 

The  time-sharing  concept  refers  to  the  alternation  of 
attention  between  inside-the-cockpi t  and 

outs ide-the-cockpi t  information.  With  emphasis  on 
aircraft  performance  and  instrument  flying,  only  a 
small  amount  of  time  is  spent  looking  outside  the 
cockpit  in  modern  naval  aircraft.  Since  pilot's 
total  available  outside-cockpit  scanning  time  is 
small,  prevention  of  mid-air  collisions  requires  that 
pilots  have  skills  in  sharing  their  scan  attention. 


46.  Chapanis,  A.  and  McCleary,  R.  A.  Interposition  as  a 

cue  for  the  perception  of  relative  distance.  Journal 
of  General  Psychology ,  1953,  48,  113-132. 

Psychologists  appear  unanimously  agreed  that  interpo¬ 
sition,  superposition,  or  interception,  as  it  is  var¬ 
iously  called,  is  an  important  monocular  cue  for  the 
perception  of  relative  distance.  In  discussing  this 
phenomenon,  many  writers,  in  fact,  dismiss  it  with  a 
brief  definition  and  short  statement  to  the  effect 
that  interposition  is  an  obvious  cue  of  relative  dis¬ 
tance.  This  perfunctory  treatment  may  be  duo  in  part 
to  long  familiarity,  for  the  origins  of  thi s  princi¬ 
ple  are  lost  in  antiquity;  even  primitive*  man  made 
use  of  tiie  technique  in  his  drawings.  For  all  our 
certainty,  however,  Liu*  precise  median  ism  of  interpo¬ 
sition  is  still  to  be  determined. 
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G.  T.  Prediction  of  airborne  target,  deter 
Air  Development  Center,  Warminster,  PA,  3 
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The  visibility  of  a  uniformly  luminous  object  depends 
on  the  apparent  contrast  between  the  object  and  its 
background,  the  angular  subtense  of  the  object,  the 
contrast  threshold  of  the  observer  at  the  level  of 
luminance  to  which  the  eyes  are  adapted,  the  condi¬ 
tions  and  '-'chniques  of  observing,  and  the  shape  of 
the  object.  Techniques  for  combining  the  influence 
of  the  various  factors  have  been  applied  to  the  prob¬ 
lem  of  predicting  airborne  target  detectability. 
Recommendations  for  achieving  the  desired  detectabil¬ 
ity  are  made. 


48.  Chisum,  G.  T.  and  Morway,  P.  E.  Laboratory  assessment 
of  the  AN/PVS-5  night  vision  goggle.  Aviation ,  Space 
and  Env ironmental  Medicine ,  1975,  46 ,  1390. 

Laboratory  assessment  of  the  AN/PVS-5  Night  Vision 
Goggle  was  conducted.  Visual  fields,  goggle  infrared 
source,  usable  range,  and  detectability  of  targets 
with  the  goggles  were  measured.  Illumination  levels 
of  -8-37  and  -9-17  log  lm/cm2  were  adequate  for  90% 
detection  of  0.14  and  0.07  acuity  targets,  respec¬ 
tively.  Calculations  of  distances  at  which  various 
surface  and  airborne  targets  subtended  comparable 
visual  angles  and  tables  of  natural  brightness  condi¬ 
tions  are  presented  to  permit  the  translation  of  lab¬ 
oratory  values  into  field  conditions.  While  further 
field  evaluation  is  anticipated,  the  laboratory 
assessment  indicates  that  the  goggle  can  signifi¬ 
cantly  facilitate  aircrew  night  visual  performance. 


49.  Clark,  B.  Visual,  space  perception  as  influenced  by 
unusual  vestibular  stimulation.  Visual  capabilities 
in  the  space  environment,  ed.  by  C7~  A7~  Baker  7  New 
York:  Pergamon  Press,  1965,  p.  91. 

During  flight  in  aircraft  and  spacecraft,  pilots  are 
regularly  subjected  to  unusual  force  environments. 
These  forces  not  only  influence  a  wide  variety  of 
pr essur e- sens i t i v e  mechanisms  but,  in  particular, 
they  stimulate  the  vestibular  mechanism  of  the  inner 
ear.  The  latter  source  of  information  regarding  spa¬ 
tial  orientation  may  be  in  accord  with  information 
from  direct  visual  stimulation  or  it  may  be  in  con¬ 
flict  with  it.  In  the  first  case,  veridical  space 
perception  may  be  expected,  while  in  the  second  the 
perception  is  frequently  n on v e r  id  i  ca 1  .  This  results 
in  constant  errors  in  judgment  with  respect  to  motion 
of  visual  objects  and  in  the  pilot's  estimates  of  the 
object's  position.  These  errors,  referred  to  by 
pilots  as  "vertigo,"  -ire  believed  to  be  if  important" 
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in  piloting  aircraft  and  spacecraft  where  the  pilot’s 
task  involves  actions  based  on  visual  space  percep¬ 
tion. 


Cohen,  W.  Apparent  movement  of  simple  figures  in  the 
Ganzfeld.  Perceptual  an_d  Motor  Skills ,  1  958,  8,  32. 

If  autokinetic  movement  under  conditions  of  darkness 
results  from  an  inadequate  visual  framework,  then 
similar  movement  of  a  figure  in  an  illuminated  uni¬ 
form  visual  field  should  occur.  The  apparatus  used 
to  investigate  this  hypothesis  has  been  described  in 
detail  (Cohen,  1957).  0,  using  his  right  eye  alone, 
looked  into  an  illuminated  sphere  and  was  presented 
with  a  uniform  field  containing  an  8  cm  circular  fig¬ 
ure  at  a  distance  of  1  m.  Intensity  and  chromaticity 
of  the  figure  were  independently  varied  by  changing 
the  illumination  of  an  adjoining  sphere.  Fifteen 
graduate  students  observed  a  series  of  situations  in 
which  differences  between  figure  and  field  were  sys¬ 
tematically  varied.  0  described  each  situation  dur¬ 
ing  3-min  periods  of  stimulation,  followed  by  2-min 
rest  periods.  Each  experimental  session  lasted  90 
min.  Spontaneous  autokinetic  movement  of  the  figure 
was  reported  by  11  Os  in  about  40%  of  the  situations 
in  each  series.  There  was  a  predominance  of  movement 
to  the  right  which  may  have  resulted  from  the  use  of 
the  right  eye  alone.  The  frequency  of  reports  of 
movement  was  not  dependent  upon  the  kind  of  differ¬ 
ence  between  figure  and  field,  i.e.,  chromatic  dif¬ 
ferences  or  intensity  differences.  An  amoeba-like 
movement  of  the  figure  was  often  produced  by  chro¬ 
matic  differences  alone.  Forward  movement  and  pulsa¬ 
tion  was  sometimes  produced  by  large  intensity  dif¬ 
ferences.  The  occasional  disappearance  of  the  figure 
was  always  preceded  by  its  movement.  When  the  inten¬ 
sity  of  the  figure  was  gradually  changed,  about  70% 
of  the  time  all  Os  reported  movement  of  the  figure 
and  the  fog-like  field  in  opposite  directions.  Thus, 
with  increasing  intensity  differences,  the  figure 
moved  forward  and  the  fog  receded,  while  with 
decreasing  intensity  differences,  the  figure  receded 
and  the  fog  moved  forward.  Under  these  conditions, 
movement  was  sometimes  experienced  without  any  change 
in  apparent  distance.  However,  even  when  a  change  in 
apparent  distance  was  reported,  there  was  no  system¬ 
atic  change  in  apparent  size.  (Cohen,  W.  Spatial 
and  textual  characteristics  of  the  Ganzfeld.  Amer. 
J.  Psychol.,  1957,  70,  403.)  (Note  by  compiler:  '"The 
above  is  the  entire  paper.) 


51.  Cohen,  W .  Form  recognition,  spatial  orientation, 
perception  of  movement  in  the  uniform  visual  field. 
Visual  Search  Techniques ,  Proceedings  of  a  Symposium, 
Publication  712,  National  Academy  of  Sciences,  NRC 
Committee  on  Vision,  April  1959. 

Stimulus  gradients  of  intensity,  chromatic ity ,  as 
well  as  texture,  are  distributed  in  most  cases 
throughout  the  visual  field.  There  are,  however, 
situations  in  which  such  gradients  are  absent,  and 
the  distribution  of  stimulation  in  the  visual  field 
is  relatively  uniform.  Since  relatively  brief  expo¬ 
sures  to  the  uniform  field  are  far  less  detrimental 
to  perceptual  accuracy  than  prolonged  exposure  to  the 
field,  some  device  which  permitted  periodic  differen¬ 
tiation  of  the  field  might  prove  to  be  useful. 
Another  possibility  would  be  to  train  the  observer  to 
blink  frequently  and  look  away  from  the  field  when¬ 
ever  possible. 


52.  Connors,  M.  M.  Conspicuity  of  target  lights:  the 

influence  of  color.  NASA  Technical  Note,  NASA  TN 
D-7960,  November  1975. 

This  study  investigated  the  conspicuity,  or  atten¬ 
tion-getting  qualities,  of  fo veal  1 y-equated  ,  colored 
lights,  when  seen  against  a  star  background.  Sub¬ 
jects  who  were  periodically  engaged  in  a  distracting 
cockpit  task  were  required  to  search  a  large  visual 
field  and  report  the  appearance  of  a  target  light  as 
quickly  as  possible.  Targets  were  red,  yellow, 
white,  green,  and  blue,  and  appeared  as  either  steady 
or  flashing  lights.  Results  indicate  that  red  tar¬ 
gets  were  missed  more  frequently  and  responded  to 
more  slowly  than  lights  of  other  hues.  Yellow  tar¬ 
gets  were  acquired  more  slowly  than  white,  green,  >r 
blue  targets;  responses  to  white  targets  were  signif¬ 
icantly  slower  than  responses  to  green  or  blue  tar¬ 
gets.  In  general,  flashing  lights  were  superior  to 
steady  lights,  but  this  was  not  found  for  all  hues. 
For  red,  the  ?  Hz  flash  was  superior  to  all  other 
flash  rates  and  to  the  steady,  light,  but  none  of 
which  differed  significantly  from  each  other.  Over 
all  hues,  conspicuity  was  found  to  peak  at  ;'-3  Hz. 
Response  time  was  found  to  be  fastest,  generally,  for 
targets  appearing  between  3  deg  arid  8  deg  from  t  ho 
center  of  thn  visual  field.  However,  this  pattern 
was  not  repeated  for  every  hup  .  Conspicuity  respons" 
times  suggest  a  complex  relationship  between  hue  an: 
position  in  the  visual  field  that  is  explainej  only 
partially  by  retinal  sensitivity. 
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53.  Cowan,  T.  M.  An  observing  response  analysis  of  visual 
search.  Psychologica 1  Review,  1968,  75,  265. 

An  assumption  is  made  that  the  perceptual  processes 
involved  in  scanning  or  search  are  similar  to  those 
postulated  in  observing  response  (OR)  models  of  dis¬ 
crimination  learning.  A  model  of  visual  search  is 
proposed  which  treats  scanning  behavior  as  a  sequence 
of  discrete  ORs .  The  basic  model  is  stochastic,  and 
the  sequence  of  ORs  is  represented  by  an  absorbing 
Markov  chain  where  the  absorbing  state  is  target 
location.  It  is  shown  that  the  model  is  capable  of 
describing  search  times  for  (a)  displays  of  varying 
densities,  (b)  search  displays  with  multiple  cues  in 
a  non-target  (irrelevant)  dimension,  and  (c)  search 
tasks  with  compounded  cues. 


54. 


Davies,  D.  R.  and  Tune,  G.  S.  Human  vigilance  perform¬ 
ance.  New  York:  American  Elsevier  Publishing  Co., 

19^9. 


55.  Davies,  E.  B.  Theoretical  television  detection  ranges. 

Royal  Aircraft  Establishment  Technical  Note  WE-64, 
June  1964. 

This  paper  considers  the  properties  of  a  television 
chain  in  terms  of  what  the  eye  can  detect  on  the  tel¬ 
evision  display.  The  television  chain  is  considered 
to  have  a  simple  transfer  function  for  contrast  which 
is  related  to  the  size  of  the  image  of  the  object  on 
the  display,  and  the  theory  considers  the  amount  of 
contrast  which  the  eye  requires  to  see  this  object; 
no  account  is  taken  of  the  fact  that  this  object  has 
a  blurred  outline.  The  effect  of  electronic  noise  is 
taken  into  account  to  the  extent  that  it  increases 
the  contrast  requirements  of  the  eyn .  Some  graphs 
are  presented  which  indicate  the  implications  of  var¬ 
ious  television  parameters  on  the  ranges  at  which 
detection  of  sample  objects  is  possible. 


56.  Davies,  E.  B.  Visual  theory  in  target  acquisition. 

Royal  Aircraft  Establishment  Technical  Memorandum 
WE— 1 301 ,  March  19b),  presented  to  the  AG A RD-A BMP , 
London,  October  19b?.. 

The  theoretical  approach  to  visual  search  for  a  tar¬ 
get  based  on  the  target's  contrast  and  size  and  the 
concept  of  visual  .obes  is  reviewed  briefly.  New 
flight  data  fur  five  u  •  >ot.r  ast  /  s :  ,-e  thresh  ;1  Is  rela¬ 
ted  to  the  maximum  i  e?.n  ••  :  >o  r .v  o  •  if  pr.,m  b  ter- 
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rain  objects  'i  r.>  found  to  c.omp.ir  *  favorah  1  y  with 
laboratory  tost,  data  from  murli  simp  l  or  visual  tasks. 
Two  laboratory  search  experiments  analys'd  in  forms 
of  visual  thoorv  aro  shown  to  agree  well  with  it  , 
with  littlo  modification  of  tho  data  usod  in  tho  tho- 
ory  from  oortain  solootod  but  otiiorwiso  standard 
data.  In  particular,  glimpse  times  of  tin'  ordor  1  /2 
to  2/15  s  aro  found  to  bo  quite  adequate  to  describe 
the  experimental  results. 


17.  Davies,  K.  B.  A  comparison  of  visual  search  theory  and 
R.R.K.  experimental  data.  Royal  Aircraft  Establish¬ 
ment  Technical  Report.  01)057,  March  19(39. 

A  visual  search  experiment,  undertaken  at.  the  Royal 
Radar  Establishment,  Malvern,  has  been  analyzed  in 
terms  of  visual  search  theory  based  on  "visual  lobes" 
and  "random  glimpses."  Tho  search  situation  Investi¬ 
gated  had  provided  a  particularly  interesting  check 
on  theory  as  it  increased  with  time,  under  careful ly 
controlled  conditions.  Close  agreement,  has  been 
established  between  the  experimental  results  and  the¬ 
ory,  using  degraded  contrast  thresholds  from  Black¬ 
well's  8-position  search  in  8  s  experiment;  together 
with  -J .  H.  Taylor's  data  for  the  extra  contrast 
required  for  off-axis  vision,  and  fixations  of  2/2  s. 
Tho  degradation  required  on  the  foveal  contrast 
threshold  appears  to  vary  slightly  with  target  size 
in  that,  small  targets  requi  r<*  larger  degradation  than 
large  targets.  Theoretical  prod  i  ct.  i  ons  based  on  the 
"visual  lobe"  equation  give  optimisin'  results  and 
show  little  effect  of  target  size.  Some  interesting 
facets  of  the  application  of  theory  to  these  experi¬ 
mental  c  i  re  urns  tn  in’es  are  also  presented. 


Davis,  I).  R.  Human  •rrors  and  transport  accidents. 
Ergonomic1  s  ,  1 1 ) 5 «  ,  2  .  21 . 


The  paper  discusses  the  part  played  by  three  psycho¬ 
logical  processes,  here  called  "the  false  hypothe¬ 
sis,"  "pro-occupation,"  and  "emergency  mechanisms." 

in  the  causation  of  transport  ace j dent s .  Some  ot  the 
experiments  i a  which  these  processes  have  been  stud¬ 
ied  in  the  laboratory  are  described.  Explanui  ions  of 
the  errors  responsible  tor  certain  train  collisions, 
when  the  driver  hid  passed  one  >r  more  signals  at 
danger,  and  for  certain  air-rift  a<'c  i  dent.s  arc  sug¬ 
gested  by  t"'l'er  ‘ive  to  one  or  the  it  ler  ‘it  t  U"s  ■ 
pr ■  i» -eSs  -s  . 
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59.  Deuts;:lim;ni,  J.  N.,  Harnmi  l  l  ,  U.  B.,  and  SuR'irraan  ,  R.  C . 

Visual  contrast  p’liuc.  t  Ion  investigation.  Buffalo, 
NY:  Cornell  Aeronaut,  ical  Laboratory  ,  AFAL-TK-70-!  1  , 

February  1970. 

GO.  DLdday,  It.  L.  and  Arbib,  M.  A.  Bye  movements  and  vis¬ 
ual  perception :  a  "two  visual  system"  model.  Ln'.er- 

national  J  .  of  'fan -Mae  h  in  e  Studies,  1075 ,  7,  517. 

Bye  movement  is  one  of  t: J i - ■  few  external  ly  measurabl  * 
activities  of  visual  perception ,  and  provides  a 
checkpoint  for  models  of  perceptual  processes.  Here 
the  mod*? I  of  Arbib  and  Didday  (1071)  is  compared  with 
that  of  Noton  and  Stark  (1070,  19Vla,b)  and  is  found 
to  predict.  th*'  same  behavior  but  without  requiring 
the  explicit  storage  of  eye?  movement  commands.  (Ref¬ 
erences:  Arbib,  M.  A.  and  Hi  delay,  It.  L.  The  organi¬ 

zation  of  action-oriented  memory  for  a  perceiving 
system ,  Part  l:  The  basic  model.  -J.  Cybernetics, 
1971,  1 ,  B.  Noton,  D.  A  theory  of  visual  pattern 
perception.  I_BBK  Trans.  .System  Science  and  Cy borne t- 
i_cs,  1970,  SSC-0  ,  ~B49 .  No  ton  ,"  '  ~0 .  "a  nd  Stark,  "b. 

Scanpaths  in  *'ye  movements  during  pattern.  Science, 
1971a,  171,  BOB.  Noton,  I).  and  Stark,  L.  Bye  move¬ 
ments  and  visual  perception.  Scientific  American, 
1071b,  224  ,  B4  .  ) 


(51.  Ditchburn,  ft.  W.,  Fender,  0.  H.,  and  Mayne,  S.  Vision 
with  controlled  movements  of  tin*  ret  inal  image.  0. 
PhysU)l  .,  1050,  14  5 ,  9S -107. 

1.  Retinal  image  movement  is  annulled  by  means  of  an 
apparatus  which  produce's  a  visual  target  which  moves 
so  that  its  image  remains  on  the  same  part  of  the 
retina  despite  movements  of  th<*  eye.  2.  1?  is  found 

that,  imposed  motion  simi  lur  to  the  dri  ft  component,  of 
normal  eye  movements  lias  little  effect  in  preventing 
the  "fad*>  out"  which  occurs  wi  t.h  a  s tab i  1  i zed  image. 
B.  Imposed  motion  similar  to  a  natural  fli"k  produces 
a  very  sharp  regonora  t.  i  on  of  the  image  which  then 
fades  out.  again.  it  is  concluded  that  the  flick  mot¬ 
ion  plays  a  part  in  maintaining  vision  but  is  not  th“ 
only  off  not  operative  in  this  respect..  1.  Small 

amplitude  imposed  tremor  motions  also  maintain 
vision,  but  tin?  of  feet,  must  rely  on  a  summation  over 
til*'  whole  frequency  range  of  eye  movement  . 


Duff  K.  \.  Atmospheric  contrast  transmission:  Appli¬ 

cation  to  tin*  visual  |e  *  .  .<•  t  i  on  and  <•  1  ,  i  r  >->  >p  ’  :  a  1 
lock-on  problem.  A  K I  T  Pu's  i  s  ,  .Inn-  •  1  O/B  ,  AO  715-500. 
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The  contrast  and  size  of  the  target  limit  detection 
or  lock-on  range  models  for  the  prediction  of  detec¬ 
tion  range  are  evaluated  in  this  report.  The  con¬ 
trast  available  at  the  eye  or  the  electro-optical 
sensor  is  assumed  to  be  the  limiting  factor.  The 
atmosphere  provides  a  transmission  factor  for  the 
target-background  contrast.  A  model  for  the  predic¬ 
tion  of  contrast  transmission  proposed  by  Duntley  in 
19^8  is  examined.  Duntley's  work  provides  an  ana¬ 
lytic  solution  based  on  an  equation  which  relates 
visibility  to  a i r- 1 r an sm i tt ance  along  an  inclined 
path,  and  a  table  of  air-ground  ratios.  An  improved 
relation  for  visibility  is  developed  by  the  author. 
More  realistic  sky-ground  ratios  are  obtained  from 
calculated  data  and  from  flight  tests.  The  RRA  Monte 
Carlo  model  and  the  ASW  model,  which  predict  contrast 
transmission,  are  compared  for  accuracy.  The  AWS 
model  is  also  compared  to  recent  flight  data.  The 
AWS  model  is  shown  to  predict  generally  higher 
results  than  the  RRA  data,  due  to  the  approximations 
used.  The  AWS  model  does  provide  a  useful,  fast  tool 
for  prediction  of  contrast  transmission.  A  more 
recent  concept  developed  by  Duntley,  the  directional 
path  reflectance  R* ,  is  used  to  describe  the  atmos¬ 
pheric  effects.  R*  provides  a  useful  single  parame¬ 
ter  for  evaluating  a  situation  to  determine  approach 
angles  where  the  effect  of  haze  is  a  minimum.  The 
directional  background  reflectance  bRO  must  be  used 
with  R*  to  predict  contrast  transmission.  Graphs 
illustrating  the  application  are  presented.  The 
inherent  target  contrast  is  needed  with  the  contrast 
transmission  factor  to  predict  detection  or  lock-on 
range.  Measurements  of  inherent  target  contrast  by 
photometric  and  photographic  means  are  compared.  A 
simple  measurement  technique  for  field  use  is  recom¬ 
mended.  Radiometric  measurements  are  presented  to 
illustrate  some  spectral  effects  which  should  be  con¬ 
sidered  in  comparisons  between  the  eye  and  different 
electro- optical  sensors. 


63.  Dugas,  D.  J.  Tar get- search  capability  of  a  human 
observer  in  high-speed  flight.  USAF  Project  RANI), 
Memorandum  RM-32P6-PR,  196?. 

Human  observers  continue  to  be  an  important  factor  in 
aerial  reconnaissance,  complementing  the  development 
of  sophisticated  sensors.  In  a  search  for  relatively 
small  targets,  such  as  mobile  missile  carriers,  the 
human  eye  may  be  the  only  detector  with  sufficient 
resolution  and  versatility  to  carry  out  a  missi  in  if 
r econna i ss  mce  with  immediate  st r  ike  -upibilitv. 
Although  r  eseur-’h  >n  v  ;  i  on  ha".  been  g  'in.’,  .>n  !  .  r 
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many  decades,  it  is  interesting  to  note  that  the 
exact  capabilities  needed  for  target  recognition 
under  field  conditions  of  reconnaissance  have  never 
been  well  defined. 

In  this  memorandum  the  necessary  conditions  for  the 
visual  process  are  presented,  and  the  modes  of  search 
are  discussed  in  detail.  One  mode  is  an  example  of 
the  familiar  sector-scan  pattern,  and  the  other  is  a 
more  specific  method  adapted  to  searching  for  rail- 
mobile  targets.  The  limitations  placed  by  speed  anc 
altitude  combinations  on  visual  performance  in  these 
two  situations  are  summarized  in  figures.  The  curves 
shown  in  these  figuies  represent  the  capabilities  of 
an  observer  under  ideal  conditions;  but  in  real 
search  missions,  allowances  must  be  made  for  factors 
unique  to  the  situation  that  tend  to  degrade  the  per¬ 
formance  of  the  observer  (e.g.,  fatigue,  poo1"  visi¬ 
bility,  and  vibration  of  the  aircraft). 

In  comparing  the  two  modes  of  search  it  was  found 
that  some  of  the  difficulties  encountered  in  search¬ 
ing  for  small  targets  can  be  alleviated  by  using  an 
appropriate  search  pattern.  It  is  important  to 
acquire  as  much  information  as  possible  about  the 
targets  beforehand  so  that  the  observer  can  employ 
the  most  effective  search  procedures. 

The  human  optical  system  apparently  will  not  consti¬ 
tute  the  most  serious  speed  limitations  on  the  recon¬ 
naissance  aircraft  except  at  very  low  altitudes  (less 
than  150  ft).  It  can  be  expected  that  structural 
limits  of  the  aircraft  will  generally  be  encountered 
long  before  the  maximum  tolerance  speed  for  vision  is 
reached . 


64.  Duntley,  S.  The  visibility  of  distant  objects.  Jour¬ 
nal  of  the  Optical  Society  of  America,  1  943,  _33  ,  237. 

The  purpose  of  this  paper  is  to  identify  the  princi¬ 
pal  factors  involved  in  the  visibility  of  an  object, 
to  indicate  how  each  factor  affects  the  range  of  vis¬ 
ibility  of  an  object,  and  to  supply  charts  which  by 
combining  these  factors,  enable  the  limiting  range  to 
be  found  under  any  set  of  prevailing  conditions. 


65.  Duntley,  S.  0.,  Gordon,  J .  I.,  Taylor,  J.  H .  ,  White,  C. 

T.  ,  Boileau,  A.  R.,  Tyler,  J.  E.,  Austin,  R.  W.,  and 
Harris,  J.  L.  Visibility.  Applied  Opti_cs,  1964,  j, 
549. 
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Calculations  of  the  Limiting  porformanci!  of  the  human 
visual  systems  are  based  upon  the  separate  properties 
of  all  of  the  physical  components  which,  taken 
together,  comprise  a  system  for  the  transfer  of 
information  from  the  object.  to  tin?  observer's  con¬ 
sciousness  by  way  of  the  visual  pathway.  Thus,  light 
reflected  or  generated  by  the  object  forms  a  body  of 
image-forming  flux  which,  after  transmission  through 
the  intervening  media,  forms  a  retinal  image  which, 
in  turn,  is  transmitted  to  the  brain  and  perceived  by 
the  observer.  In  like  fashion,  the  background 
against  which  the  object  is  seen  generates  flux  from 
a  different  part  of  object  space,  and  this  signal 
follows  a  corresponding  path  to  the  perceptual  level 
of  the  observer.  Discrimination  of  the  object,  from 
its  background  depends  upon  the  thresholds  of  the 
human  visual  system.  Prediction  of  the  limiting 
human  visual  capability  to  detect  any  specific  object 
begins,  therefore,  with  the  optical  properties  of  the 
object  and  its  background.  These ,  in  combination 
with  the  nature  of  the  incident  lighting,  define  the 
inherent  optical  signal  which  is  available  in  the 
direction  of  the  observer.  Assessment  of  the  magni¬ 
tude  of  this  inherent  optical  signal  is  the  first 
major  step  in  any  visibility  calculation.  It 
involves  a  considerable  knowledge  of  the  optical 
properties  of  both  background  and  target  as  well  as  a 
detailed  specification  of  their  lighting. 


'3(3.  Edwards ,  G .  1).  and  Harris,  -I.  I,.,  Sr.  Visual  aspects 

of  air  collision  avoidance:  Computer  studies  on 

pilot  warning  indicator  specifications.  University 
of  California,  San  Diego,  Scripps  Institute  of  Ocea¬ 
nography,  Visibility  Laboratory,  February  1972. 

This  report  describes  techniques  of  computer  oa leu l a- 
t  ions  used  to  analyze  t.he  potential  for  improving 
visual  acquisition  of  collision  threats  by  means  oi 
Pilot  Warning  Indicator  systems  ( PW 1 ) .  It  is  a  par¬ 
ametric  study  giving  1  he  quant  i  t  a  1  ive  of  foots  of  PW  1 
resolution  and  (.‘fleet  ive  range  upon  the  average  cumu¬ 
lative  probability  of  detection. 


'37  .  Elkin,  K.  H.  Target,  velocity,  exposure  time  and  antic¬ 
ipatory  tracking  lime  as  dei.ermi  nan  t.s  >>f  dynamic  vis¬ 
ual  acuity  ( DVA  )  .  dourn.al  of  Engineering  Psycho  logy, 
February  1991.  (  AI)-2r>t>-S91  ) 

This  paper  v  is  presented  at  the  22nd  meeting  of  the 
Eastern  Psye .ho  I  <»g  i  a  1  Assoc  i  a  t  ion  in  Philadelphia  on 
7  April  1991.  The  presen*  studv  invsi  i  ga  led  i  he 
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effects  of  varying  angular 
acuity  for  moving  targets, 
come  to  be  known  as  dynamic 
DVA  ,  which  refers  to  the 
small  spatial  separations 
with  respect  to  an  observer 


target  velocity  on  visual 
This  type  of  acuity  has 
visual  acuity  or,  simply, 
ability  to  discriminate 
in  a  oargec  which  moves 


68.  Enoch,  J.  M.  Effect  of  the  size  of  a  complex  display 
upon  visual  search.  Journal  of  the  Optical  Society 
of  Amer i c a ,  1959,  49 .  . 


This  investigation  is  one  of  a  series  of  stud 
designed  to  determine  natural  search  tendencies  c 
ing  visual  search  tasks.  In  this  study,  12  subje 
were  presented  an  ordered  series  of  experimen 
aerial  maps  of  different  size.  Their  eye  traces  w 
recorded  on  a  modified  ophthalmo.gr aph  while 
searched  for  a  specific  critical  detail.  As 
noted  in  other  experiments  of  this  series,  cover 
of  the  display  was  not  uniform.  In  particul 
greatest  attention  was  paid  to  the  center  of  the  d 
play.  Search  behavior  in  displays  subtending  9 
and  larger  at  the  eye  remained  essentially  the  sa 
For  smaller  displays,  marked  differences  were  r.  at 
of  the  display  decreased,  durations 
increased,  interfixation  distan 


As  the  size 
fixations 
d  ecreased , 
increased , 
defined  as 
the  display 


concentration  in  the 
and  efficiency  decreased, 
percent  of  eye  fixations 
area. 
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69-  Enoch,  J.  M.  Natural  tendencies  in  visual  search  of  a 
complex  display.  Visual  Search  Techniques ,  Proceed¬ 
ings  of  a  symposium,  Publication  Tf2,  ^National  Acad¬ 
emy  of  Sciences,  NRC  Committee  on  Vision,  April  1959. 


In  these  studies,  two  classes  of  observers  and  two 
types  of  observation  material  were  used.  Trained 
photointerpreters  viewed  aerial  photographs  of  vary¬ 
ing  scale  and  verticality,  and  non-trained  observers 
viewed  aerial  maps  simulating  aerial  photographs. 
The  non-trained  observers  were  drawn  from  the  staff 
and  students  of  Ohio  State  University.  A  modified 
ophthalmograph  was  employee.  The  search  pattern  is 
diviJed  into  at  least  two  phases.  The  first  phase  we 
might  call  an  orientation  phase.  During  this  phase 
the  observer  goes  through  a  characteristic  pattern  in 
his  search,  which  is  repeated  with  remarkable  simi¬ 
larity  L every  pattern  executed  by  the  same  i  mi  i  vid¬ 
ua  1.  One  might  call  this  t!i°  individual's  basic,  or 
genera]  ,  search  pattern.  At  the  end  , f  the  or i «nta- 
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tion  phase  of  the  search,  the  individual  would  move 
to  what  might  be  called  a  specific  search  phase.  If 
he  had  any  clue  or  cues  as  to  the  location  of  the 
object  of  search,  he  would  proceed  to  utilize  these 
immediately  after  completion  of  the  orientation  pat¬ 
tern.  If  he  did  not  have  such  aids  to  the  location 
of  the  object,  he  would  tend  to  expand  upon  the  basic 
search  pattern  started  in  the  orientation. 


Enoch,  J.  M.  The  effect  on  visual  search  of  the  degree 
of  generality  of  instructions  to  the  photointer¬ 
preter.  Report  to  Rome  Air  Development  Center  Air 
Research  and  Development  Command,  Griffis  AFB,  NY, 
1958. 

One  of  the  main  variables  affecting  a  search  pattern 
is  the  nature  of  the  instruction  given  the  photoin¬ 
terpreter.  In  this  study,  photo  inf er pr eter s  were 
asked  to  locate  a  class  of  objects.  In  two  separate 
parts  essentially  identical  findings  were  found.  A 
less  specific  instruction  results  in  a  more  general¬ 
ized  search  pattern.  However,  the  tendency  to  con¬ 
centrate  attention  at  the  center  of  the  display  is 
strongly  evident  as  are  other  biases.  Marked  differ- 
ences  in  approach  to  a  given  problem  and  in  ability 
to  handle  a  given  problem  were  found.  They  were  dis¬ 
cussed  in  terms  of  division  of  the  work  load  of  pho¬ 
tointerpreters. 


Erickson,  R.  A.  Visual  search  performance  in  a  moving 
structured  field.  Journal  of  the  Optical  Soc  iety  of 
Amer ica ,  1969,  59  ,  39 9-905. 

The  performance  of  16  male  observers  who  searched  for 
an  incomplete  ring  (Landolt  C)  among  a  number  of 
solid  rings  in  a  square,  moving  field  was  measured. 
Search  performance  deteriorated  as  velocity  or  object 
density  was  increased;  a  target  was  more  likely  to  be 
detected  the  closer  it  was  to  the  center  of  the 
field;  there  was  no  significant  correlation  between 
the  age  of  the  observer  and  his  search  performance; 
there  was  significant  correlation  between  foveal  vis¬ 
ual  acuity  and  search  performance  in  the  moving 
field.  The  performance  of  the  same  observers  on  a 
previous  series  of  tests  is  compared  to  their  per¬ 
formance  on  the  tests  reported  here.  An  hypothesis 
concerning  the  role  of  peripheral  and  foveal  vision 
in  searching  for  targets  is  advanced. 
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Erickson,  R.  A.  Relation  between  visual  search  t.  i  m<  * 
and  peripheral  acuit.v.  Human  Factors,  1904,  >'5,  105. 

An  experiment  investigated  the  relationship  between 
peripheral  visual  acuity  and  time  required  to  locate 
a  target  in  a  static  structured  display.  Si x  teen 
male  observers  wore  used  in  the  tests.  Peripheral 
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all  correlations  involving  search  times  from  object 
densities  48  and/or  acuity  measurements  mad'*  at  0.0 
deg  off  tile  visual  axis  were  not  significant.  In 
addition  to  the  results  concerning  peripheral  visual 
acuity,  other  relationships  between  variables  were 
suggested  by  analysis  of  the  data.  An  analysis  of 
variance  established  that,  the  shape  of  the  objects  in 
the  display  (blobs  or  rings)  and  the  number  of 
objects  In  the  display  (10,  OR,  or  48)  had  a  signifi¬ 
cant  effect  (  p  <  0.01)  upon  sear'll  time.  The  inter¬ 
action  of  shape  and  object  density  was  a  1  so  found  to 
be  significant  at  the  0.01  1  eve l .  There  were  no  sig¬ 
nificant,  intercorrelations  among  observer  age,  foveal 
acuity  as  measured  in  u  naval  eye  examination,  and 
peripheral  acuity.  Furthermore ,  age  and  foveal  acu¬ 
ity  did  not  correlate  significantly  with  search  per¬ 
formance  . 


75.  Erickson,  R .  A.  Visual  search  for  targets :  Laboratory 
experiments.  Aviation  Ordnance  Department. ,  U.S. 
Naval  Ordnance  Test  Station,  China  Lake,  CA.  NAVWKPS 
Report  No.  840(5,  October  19(54. 

Visual  search  performance  of  1(5  male  subjects  was 
measured  and  related  to  display-  and  observer-depend¬ 
ent  parameters.  Several  factors  emerged:  i  signifi¬ 

cant  correlation  exists  between  peripheral  visual 
acuity  scores  and  sear  di-t  im»  scores  for  a  sear'll 
task  in  a  static  field.  This  corr-'l  a  t  ion  is  depend¬ 
ent  upon  the  angle  of  the  visual  axis  at  which  acuity 
is  measured  and  the  number  of  objects  in  the  field 
being  sear-died.  When  the  field  is  moving  with 

respect  t.o  the  subject,  search  performin'!'  lee  reuses 
when  the  velocity  of  *  he  fi  <•  1  d  increases.  Comparison 
of  data  from  the  dynamic  experiment.  indicates  that 
this  performance  degradation  is  due  to  time  limita¬ 
tion  and  not  to  motion  p< •  r  sc.  Further,  with  veloc¬ 
ity  increase,  fovea  I  a <•  u  i  t  v  becomes  more  import  an* 
than  peripheral  acuity  in  t> se-ir-'h  task.  Search 
time  is  proport  i  otia  1  to  •  h>  •  number  .  >1  object  s  in  the 
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display,  and  introduction  of  a  Linear  cue  into  the 
dispLay  greatly  decreases  search  time. 


74.  Erickson,  R.  4.  Visual  detection  of  targets:  Analysis 
and  review.  Aviation  Ordnance  Department,  U.S.  Naval 
Ordnance  Test  Station,  China  Lake,  CA.  NAVWEPS 
Report  8617,  February  1965. 

This  report  discusses  many  of  the  aspects  of  air-to- 
ground  visual  search  for  targets.  Curves  are  pres¬ 
ented  that  can  be  used  for  estimating  the  probability 
that  a  ground  target  is  within  view  and  for  determin¬ 
ing  tiro  angular  rate  of  target  as  measured  with 
respect  to  the  air  observer.  Optical  aspects 
(clouds,  atmospheric  attenuation,  reflectance  fac¬ 
tors)  of  visual  detection  are  discussed  briefly  and 
references  from  which  data  can  bo  obtained  are  cited. 
A  number  of  laboratory  experiments  concerning  visual 
detection  arc  described,  and  some  of  the  results  are 
given.  Example's  of  simulation,  operational,  and 
mathematical  methods  of  obtaining  estimates  of  search 
performance  are  given  and  compared. 


75.  Erickson,  R.  A.  Comparison  of  visual  search  by  pilots 

and  high  school  students.  Perceptual  and  Motor 
Skills,  1966,  26,  926-928. 

Data  were  obtained  on  the  search  time  required  by 
high  school  senior  boys  to  find  a  target  in  struc¬ 
tured,  abstract  displays  presented  at  throe  visual 
noise  levels.  It  was  found  that  the  rank  ordering  of 
performance  on  the  three  noise  levels  was  the  same 
for  those  12  subjects  as  for  22  Navy  pi  lots  tested 
earlier.  Also,  the  students  had  effectively  the  same 
absolute  performance  as  the'  pilots.  This  study  pro¬ 
vided  the  basis  for  the  decision  to  use  high  school 
senior  boys  in  future  experiments  of  this  type  when 
pilots  were  not  available.  Da  t  a  w-  •  r  -  •  1 1  so  obtained 

from  the  12  subjects  on  four  fov*a  1  -a-'u  i  ty  tests. 
The  scores  on  t  tiree  of  the  tests  showed  significant 
correlations  wi  th  one  another.  Sr<  s>s  on  the  fourth 
lost.  (Rausch  bomb  choc k>> rboa r  1  j  lid  not  correlate 
with  scores  from  any  of  t die  other  threi>. 

76.  Hr  i  ckson  ffh .  4.  and  Burge,  6.  Mod-ding  air-to-air 

visual  search .  Naval  Weapons  ('<-nt--r,  China  Lak-,  ('A, 
Report  No.  NWC  TP  5709,  October  19/1. 

The  development  of  new  iir-rift.  w--apons  systems,  and 
tael  ics  requires  knowl"dg"  of  a  i  r-- r- - win  a  n  performance 
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and  limitations.  One  of  the  performance  estimates 
required  in  analysis  of  air-to-air  combat  is  the 
range  at  which  other  aircraft  a*-e  visually  detected 
by  a  pilot  or  other  a  i  re  rowman  .  Th--  nv  ■  t  h.odo  1  ogy  used 
in  obtaining  such  estimates  ranges  from  actual  flight 
tests  to  mathematical  modeling.  The  latter  process 
is  popular  because  of  the  lo'.vr  cost  and  ease  of 
obtaining  "data."  There  are,  however ,  hazards  in 
mode  ling  human  visual  performance  that  sometimes  are 
not  known  by  mathematicians  or  systems  analysts.  The 
report  discusses  visual  detection  data  requirements 
and  the  limitations  to  the  methods  of  obtaining  these 
data.  A  model  is  also  described ,  as  an  illustration 
of  the  modeling  process.  The  report  is  intended  to 
supply  background  information  to  those  working  in  the 
quantification  of  human  visual  performance  in 
air-to-air  env i ronmon ts . 


77.  Erickson,  R.  A.  and  Gordon,  -J .  1.  Field  evaluation  of 

a  1962-vintage  visual  detection  model .  Report  No. 
NWC  TP  5057,  Naval  Weapons  Center,  China  Lake,  CA. 

The  range  at.  which  US  Navy  pilots  could  detect  and 
recognise  olive-drab  v<>hiv!  >s  parked  on  a  light- 
brown,  graded  strip  in  the  desert,  was  measured  by 
fiiglit  tests  conducted  in  1 902 .  Scripps  Visibility 
Laboratory  measured  light  transmission  through  the 
aircraft  windscreen  and  the  atmosphere.  Vehicle  and 
background  luminance  measurements  were  also  made. 
These  measurements  were  used  by  Scripps  as  inputs  to 
a  mathematical  model  to  compute  detection  and  recog¬ 
nition  range.  Computed  detection  ranges  were  .vit.hin 
at  least  15  to  29"  of  those  measured  in  the  flight 
tests.  Computed  recogn  i  1.  i  on  ranges,  however ,  were 
about  three  times  as  great  as  those  measured  in  the 
field.  This  report  does  not.  represent,  current. 
Scripps  modeling  techniques.  It,  should  bo  considered 
useful  principally  for  the  fit* Id  data  presented,  and 
for  the  historical  information  on  mathematical  model¬ 
ing  of  the  visual  process. 


78.  Ferguson,  .1.  C.  and  Goodson ,  -I.  K.  A  description  of 
t  tie  air-to-air  visual  acquisition  task.  Aerospace 
Psychology  Technical  Memorandum  7'!-''.  ,  Aerospace  Psy¬ 
chology  Dept  .  ,  Naval  A>-t-os|n —  Med  i  -at  Reseat-  -it  Labo¬ 
ratory,  Pensacola,  FL,  Nov  an  be  r  197!!. 

The  goal  of  this  effort  is  to  spec j t y  pertinent  mis¬ 
sion-related  info  cm  a  t  i  on  .vh  i  ■  h  is  r<  -q  u  i  vd  for  a 
dose  r  i  f)  t  l  on  o  t  the  i  i  r  -  t  o  -  a  ;  r  d>  t  i  ■  .a  a  ad  acquisi¬ 
tion  task  us  it  occur-;  i  a  t  V  •  I  i  g  h  1  •  •  r  and  a  v  •  ■  •  k  corn- 
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muni  tins  of  the  US  Navy.  Such  a  description  '.vas 
requested  by  Working  Group  40  during  its  meeting  of 
10-12  October  1072.  This  report  is  primarily  respon¬ 
sive  to  tiie  items  and  format  generated  during  that 
meeting.  The  primary  sources  for  this  report  wore: 
(1)  specifications,  dose r i pt ions ,  and  standards  for 
relevant  aircraft,  equipment,  and  personnel,  and  (2) 
interviews  with  12  fighter  and  attack  pilots  recently 
returned  from  southeast  Asia.  The  interview  data 
iiave  a  major  weakness  and  a  major  strength.  The 
weakness  is  that  the  data  related  to  variables  such 
as  detection  ranges,  altitudes,  and  headings  are 
based  upon  pilot  estimates,  not  accurate'  measure¬ 
ments.  The  strength  of  the  interviews  is  the  fact 
that  these  data  came  from  the  combat  environment. 


79.  Ford,  A.,  White,  C.  T.  and  hi  cht.onsto  i  n  ,  M.  Analysis 
of  eye  movements  during  tree  search.  -Journal  of  the 
OpUcad  Society  of  America,  1999,  49,  2  87' -292 . 

Th(>  positive  polarity  of  the  human  cornea  was  used  to 
produce  signals  from  marginal  electrodes  around  the 
eyes.  The  potentials  were  amplified  with  DC  networks 
which  produced  amp  l  i  tud**-  t  i  me  oscillographic  tracings 
of  the  horizontal  and  Vertical  components  of  eyeball 
movement.,  and  also  controlled  the  deflectors  of  a 
cathode  ray  osr i l loscope  (CKO)  in  such  a  way  that  the 
beam  moved  in  the  same  way  as  t  lie  eyes.  An  automat  ic 
camera  photographed  t  tie  Clio  face  to  produce  two-di¬ 
mensional  e  1  ec  t.  ro-ocu  1  ograph  i  (HOG)  plots  of  eyeball 
movement.  Data  thus  obtained  were  used  for  an  analy¬ 
sis  of  eye  movement  and  fixations  in  a  surveillance 
search  test .  The  paper  ose  i  l  I  ograph  i  c  t  r:i  •  i  ngs 
against  time  show  (1)  the  number  of  fixations  per 
unit  of  time,  and  (2)  the  duration  of  the  fixations. 
Th(’  cathode-ray  HOG  shows  (l)  the  order  of  fixations 
in  search  procedure,  (2)  the  l  ngths  of  various  s:e-- 
cadic  jumps,  and  ( 2 )  the  areas  of  neglect  and  concen¬ 
tration  for  o-s  sear'di  periods  on  a  ••ireuiar  field 
subtending  GO  deg  of  visual  angle. 


HO.  Fowler,  F .  I).  and  -tones,  I).  It.  Target  acquisition 

studio*;,  final  report.  Prepare.)  for  Kngineering  Psy¬ 
chology  Branch,  ONK ,  Washington,  D.  April  1972. 

This  report  presents-,  the  final  results  ot  studies  to 
obtain  baseline  data  about  human  target  acquisition 
performance.  Fe-tors  consider,,  q  ••ructil  to  t  h< 

requisition  problem  w>  •  r  -  ■  varied  |i  a  r  a  in  - 1  r  t  •  •  a  1  1  y  w!:  t  1  <• 

others  we  r-  •  h-'ld  cons  1  i  n  t  .  The  r .  ■  • ,  u  l  t  s  a  r  ••  repo  r  1  >,) 
in  five  major  put  ■  n .  q>>  >nd  t  ng  to  organization  ot 
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the  investigation  into  particular  areas  of 
concentration  . 


81.  Fox,  J.  N.  and  Lyman,  J.  Structureless  field  visual 
perception  studies:  Applications  to  automotive  and 

aerospace  safety  research.  Presented  at  14th  Annual 
Meeting  of  the  Human  Factors  Society,  12-16  October 
1970,  San  Francisco,  CA. 

The  results  of  a  study  investigating  factors  which 
influence  human  visual  perception  of  movement  and 
direction  of  movement  in  structureless  fields  are 
presented.  Independent  variables  included  speed  and 
direction  of  the  target’s  movements,  presence  of  a 
limited  reference  frame,  target  size,  and  initial 
target  position.  Presence  of  the  reference  greatly 
increased  the  number  of  correct  responses  to  both 
moving  and  motionless  targets.  Increasing  target 
velocity  and  area  ratios  also  affected  performance. 
For  the  velocities  investigated,  perception  was  much 
better  for  relative  motion  than  for  absolute  motion. 
Subjects  often  perceived  motion  but  misinterpreted 
its  direction,  and  would  often  score  absolute  motion 
of  both  targets  incorrectly,  but  score  the  relative 
motion  between  them  correctly.  The  perception  of 
motion  and  its  direction  in  stark  environments  is  a 
complex  function  of  the  total  dynamic  and  structural 
aspects  of  the  entire  visual  field.  Possible  techno¬ 
logical  extensions  in  automotive  and  aerospace  safety 
research  are  also  discussed. 


82.  Frezell,  T.  L,  Hofmann,  M.  A.,  and  Oliver,  R.  E.  Avia¬ 
tor  visual  performance  in  the  UH-1H,  Study  I.  US 
Army  Aeromedical  Research  Laboratory  Report  No. 
USAARL-74-7,  October  197}. 

This  study  monitored,  via  the  corneal  reflection 
technique,  visual  performance  of  Army  aviators  while 
flying  a  number  of  maneuvers  in  a  IJH-1H.  Visual  per¬ 
formance,  to  include  time  and  transition  information, 
was  gathered  over  13  cockpit  areas.  In  addition  to 
the  objective  recordings,  subjective  assessment  by 
the  aviators  with  regard  to  their  visual  performance 
was  also  attained.  Results  acquired  by  both  techni¬ 
ques  are  provided. 


83.  Gasson,  A.  P.  and  Peters,  G.  S.  The  effect  of  concen¬ 
tration  upon  the  apparent  size  of  the  visual  field  in 
binocular  vision,  Parts  I  and  I!.  The  Optician, 
196b,  January  1  and  .January  P. 
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Twenty  subjects  were  examined.  Their  field 
shrinkages  were  expressed  as  a  percentage  of  their 
normal  visual  field.  For  each  subject  a  mean  figure 
was  calculated  from  all  of  the  individual  measure¬ 
ments.  Eighteen  of  the  twenty  results  were  greater 
than  Kephart  and  Chandler's  critical  figure  of  8.7% 
showing  that  the  majority  of  subjects  underwent  a 
significant  reduction  of  the  vision  span  under  condi¬ 
tions  of  extreme  concentration. 

Part  II ,  Summary :  The  peripheral  binocular  visual 
field  was  measured  for  20  subjects,  first  using  cen¬ 
tral  fixation  and  then  while  concentrating  upon  oper¬ 
ating  a  hand-eye  coordination  task.  Results  showed: 
(1)  There  is  a  significant  shrinkage  in  the  visual 
span  during  concentration.  (2)  The  phenomenon  is 
probably  cortical  rather  than  retinal.  (3)  The  phe¬ 
nomenon  is  a  transient  adjustment  to  the  stress  of 
concentration . 


84.  Gilmour,  J.  D.  A  systematic  approach  for  prediction 
and  improvement  of  target  acquisition  performance. 
Target  Acquisition  Symposium ,  Office  of  Naval 
Research,  Naval  Training  Center,  Orlando,  FL,  14-16 
November  1972,  pp.  177-186. 

A  representative  example  is  cited  of  the  coordinated 
use  of  complementary  research  methods  to  systemati¬ 
cally  improve  quantitative  prediction  and  operational 
performance  in  target  acquisition.  A  modeling  con¬ 
cept  is  described  that  provides  for  the  organized 
treatment  of  problem  parameters  and  the  identifica¬ 
tion  of  leveraged  parameters  offering  significant 
improvement  in  prediction  and/or  performance.  Illus¬ 
trative  applications  of  analysis,  simulation,  labora¬ 
tory  testing,  and  field  test  validation  are  then  used 
as  examples  of  how  prediction  capabilities  and  system 
performance  can  be  improved  relative  to  the  parame¬ 
tric  implications  of  existing  models.  The  examples 
used  are  scaling  and  classification  of  target  back¬ 
grounds,  and  he ad -up  target  predesignation  using 
onboard  navigation  system  information. 


8b.  Goodson,  J.  E.  Air-to-air  visual  acquisiton  of  tar¬ 
gets:  Problem  definition  and  approach.  Aerospace 

Psychology  Technical  Memorandum  72-1,  Naval  Aerospace 
Medical  Research  Laboratory,  Pensacola,  FL,  April 
1  972. 

The  problem  of  air-  -air  visual  arquisiti  >n  is 
reviewed  in  te-r.s  •{  its  -r  itical  it.y ,  an  i  the  st.imu- 
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lus  characteristics  which  contribute  to  degraded 
performance.  Little  data  are  available  concerning 
air-to-air  acquisition  performance,  and  even  less 
data  are  available  which  relate  specific  visual  mech¬ 
anisms  directly  to  air-to-a.r  acquisition.  It  is 
clear,  however,  that  acquisition  normally  occurs  at 
distances  far  short  of  the  detection  range,  and  that 
many  targets  go  undetected  ever,  though  they  pass  well 
within  acquisition  range.  It  appears  that  the  most 
critical  stimulus  characteristic  is  the  poorly  struc¬ 
tured  background,  and  that  the  major  problem  peculiar 
to  air-to-air  acquisition  concerns  the  adequacy  of 
search  and  accommodation  in  this  poorly  structured 
field.  Methodologies  and  techniques  for  measuring 
visual  acquisition  performance  are  readily  available. 
However,  these  have  not  been  applied  to  assess  visual 
acquisition  capabilities  for  Navy-specific  problems. 
Recommendations  are  made  for  the  development  of  base¬ 
line  data,  and  for  relating  laboratory  tests  to  these 
data  as  potential  selection  criteria.  Three  training 
techniques  are  discussed,  and  two  of  these  are  recom¬ 
mended  for  validation  studies.  The  possibility  of 
developing  an  automatic  scanning  marker  is  discussed. 


86.  Goodson,  J.  E.  and  Miller,  J.  W.  Dynamic  visual  acuity 
in  an  applied  setting.  Aerosp>ac :_e  Medicine ,  1959, 

October ,  755. 

In  summary,  we  would  make  the  following  points.  1. 
Visual  acuity  deteriorates  in  the  air  with  increased 
target  speeds  in  much  the  same  manner  as  it  does  in 
the  laboratory  when  similar  targets  are  used.  2.  The 
rate  of  deterioration  in  acuity,  when  using  two  tar¬ 
gets,  seems  to  take  a  linear  form  over  the  range  of 
speeds  used  as  opposed  to  the  curvilinear  form  taken 
when  one  target  is  used.  3-  Deceleration  of  target 
speeds  has  a  marked  effect  on  performance  of  a  visual 
tracking  task  because  of  both  the  change  in  speeds 
and  the  resulting  change  in  configuration  of  the  tar¬ 
get.  The  effect  appears  to  be  beneficial.  4 .  Physi¬ 
ological  factors  peculiar  to  the  flight  conditions 
either  did  not  affect  performance,  or  else  acted  in  a 
consistent  manner.  5.  Anxiety  toward  flight,  as 
measured  by  proneness  to  become  air  sick,  did  not 
have  an  effect  on  performance  of  the  task.  6.  All 
three  methods  used  for  testing  dynamic  acuity  dis¬ 
criminated  between  subjects  significantly  at  all 
speeds.  7.  While  there  was  considerable  learning  in 
the  one-target  method,  no  learning  took  place  when 
the  more  complex  target  was  used . 
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87.  Gordon,  J.  L.  Prod  lot i ons  of  sighting  ranges  based 
upon  measurement  of  target  and  environmental  parame- 
ters.  U.S.  Naval  Ordnance  Tost  Station  Report,  1968. 

During  the  summer  of  1902,  a  field  experiment  j/as 
conducted  at  the  U.S.  Naval  Ordnance?  Test  Station, 
China  Lake,  C A .  This  field  test  consisted  of  a  coor¬ 
dinated  program  of  visual  sightings  and  measurements 
of  the  environmental  and  target  properties  appropri¬ 
ate  to  tiie  observations.  The  specific  task  under¬ 
taken  by  tiie  Visibility  Laboratory  was  to  aid  in  tin* 
design  of  the  experiment  to  obtain  tiie  observations, 
to  conduct  tin1  program  of  measurement  of  tiie  environ¬ 
mental  and  target  properties,  and  to  use  these  data 
to  predict  tin*  sighting  ranges.  This  report,  contains 
a  description  of  tiie  design  of  tiie  visual  experiment, 
tiie  details  of  tiie  program  of  geophysical  measure¬ 
ment,  and  tiie  predicted  sigtiting  ranges.  Tiie 
observed  sighting  and  recognition  ranges  will  be  pub¬ 
lished  in  a  separate  report  by  tiie  Naval  Ordnance 
Test  Station. 


88,  Graham,  W.  Aircraft  pilot  warning  instrument  (APWI) 
study.  Department  of  Transportation,  Federal  Avia¬ 
tion  Administration  Report  No.  FAA-RD-75-59 ,  March 
1975. 

Tiie  factors  lay  which  the  expected  number  of  colli¬ 
sions  could  be  reduced  by  the  implement. at  ion  of  Prox¬ 
imity  Warning  Instruments  (PW1>  having  various  per¬ 
formance  characteristics  are  estimated.  If  both 

aircraft  involved  in  an  encounter  are  equipped  with 
high  performance  PW I  (sharp  range  and  altitude 
cutoffs,  and  2  deg  relative  bearing  accuracy),  t  hen 
it  is  estimated  that  the  expected  rate  of  col  l  i  sion 
could  be  reduced  by  factors  of  10  or  more  at  typical 
closing  rates.  See-and-avo  i  d  it.se  If  is  estimated  to 
be  highly  effective,  as  .judged  by  the  number  of 
potential  collisions  that  are  avoided,  but.  the  resi¬ 
dual  collision  risk  is  unacceptable  to  the  public  and 
large  effort  is  being  made  to  mitigate  it,.  The  col¬ 
lision  risk  per  operation  tends  to  increase  as  the 
square  of  the  number  of  operations  so  that  the  enst 
of  providing  separation  assurance  per  operation  will 
ultimately  limit  the  growth  o !  t  r  a  I  f  i  •  unless  t  <*e  hno- 
logi'-al  progress  provides  men-  eeonomieul  solutions. 
Col  1 i si ons  involving  genera  1  aviation  a i re  ra  f  t  <  •  a  u se 
a  very  sma 1  1  t  rue t  i on  of  gener  1 1  av  i  a  t  i  on  I  I'alities 

a  nil  represent  a  very  d  i  1  t  i  ■■  u  1  t  1  >  >■  •  ini  i  •  ■  a  1  pr>  >b  1  •  an 

because  most  o  t  t  'lest  ■  ■.  i  1  1  I  s  1  oil  s  ■  •  U  I'  111  t  t'  1  !  1  1  <■ 

patterns  where  t  <te  angul  i  r  ■  ovi-rig  •  and  a  sso  ■  1  at  ed 

display  feq  u  i  f  -men  *  ,  are  severe  j . ,  r  i  i  rbortie  ■•quip- 
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merit  solutions  and  the  a  ire  raft  are  likely  to  be 
outside  the  coverage  of  ground  based  equipment  solu¬ 
tions.  For  the  typical  general  aviation  aircraft, 
the  principal  effect  of  collision  risks  appears  to  be 
the  operational  and  cost  bur  lens  of  minimizing  th<> 
risk  to  instrument  flight  rule  (IFR)  operations. 


89.  Greening,  C.  P.  The  likelihood  of  looking  at  a  target. 

Ai r- to-Ground  Target  Acquisition,  AGAKD  Conference 
Proceedings  No.  100,  .June  1979,  Brussels,  Belgium. 

Visual  search  behavior  is  characterized  by  brief 
glimpses  of  the  terrain ,  separated  by  rapid  eye  move¬ 
ments,  or  saeoades.  The  likelihood  of  looking  at  the 
target  with  any  particular  glimpse  is,  in  most  models 
of  search  behavior,  assumed  to  result  from  either 
random  motion  or  a  mechanical ly  systematic  search 
pattern.  In  the  present  study,  it  is  assumed  that 
the  observer  uses  extra  fovea i  vision  to  evaluate  the 
terrain  before  each  sac cade ,  to  maximize  the  likeli¬ 
hood  of  looking  at  tin1  target.  Quantitative  data  on 
extrafoveal  search,  obtained  in  a  different  context 
by  Williams,  show  that  such  behavior  is  lawful  and 
predictable.  The  results  ar'»  here  applied  to  dynamic 
air-to-ground  search,  yielding  target.  acquisition 
predictions  which  compare  favorably  with  those 
obtained  by  other  methods. 

90.  Greening,  C.  P.  Target,  acquisition  model  evaluation : 

Final  summary  report. .  \u  tone  t,  i  rs  North  American 
Rockwell  Report  No.  NWC  TP  AG'.SG ,  August  1979. 

The  purpose  of  the  study  was  to  draw  together  exist¬ 
ing  visual,  air-to-ground  target  acquisition  models, 
describe  them,  and  compare  them.  Six  models  were 
selected  for  detailed  study;  a  larger  number  were 
described  briefly,  especially  in  terms  of  unique  fea¬ 
tures.  The  descriptions  of  the  selected  models 
include  structure,  relationships  *o  other  work,  HOP 
requirements  and  validation  data.  t'ompa  r  i  sons  were 
drawn  in  terms  of  variables  i  ncorporai  e,j  ,  type  of 
output,  sensitivity  to  variables,  range  of  applica¬ 
bility,  evidence  of  validity,  and  K9P  requirements. 

Conclusions  and  suggestions  for  further  work  ire 
i  nr  1  tided  . 


Greening,  C. .  P .  Targe!  acquisition  model  evaluation. 

Pa  r  t.  2  .  A  review  of  Ur  1  i  :h  '  a  rge  t  acqu  i  s  i  •  i  on  mod¬ 
els.  Au  tone  *  i  •  s  9  i  v  i  non.  lick  v.d  !  !  n  ’  <  •  r  n  a  ’  i  on  a  1 

Report  No.  NWC  TP  bold,  lug  i  •  ■.  *  19/1. 
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The  purpose  of  the  study  was  to  extend  an  earlier 
summary  and  evaluation  of  six  target  acquisition  mod¬ 
els  to  two  major  British  modeling  efforts,  and  of  the 
modifications  made  to  one  of  the  earlier  models  by 
Battelle  Laboratories.  The  descriptions  of  the 
selected  models  include  structure,  relationships  to 
other  work,  and  validation  efforts.  The  models  were 
compared  with  the  six  earlier  reviewed  in  terms  of 
included  variables,  type  of  output,  sensitivity  to 
variables,  and  range  of  applicability. 


92.  Greening,  C.  P.  Mathematical  modeling  of  air-to-ground 
target  acquisition.  Human  Factors ,  1976,  1 8 ,  111. 

Six  principal  models  of  air-to-ground  target  acquisi¬ 
tion  modeling  and  prediction  are  described  in  a  com¬ 
mon  format  and  are  compared  in  terms  of  structure, 
types  of  sub-models,  unique  features,  and  evidence  of 
validity.  Sensitivity  to  variables  is  examined 
semi-quantitatively .  Most  of  the  models  share  cer¬ 
tain  features,  such  as  (1)  strong  emphasis  on  purely 
optical  elements  of  target  acquisition  with  corre¬ 
sponding  neglect  of  cognitive  factors,  (2)  reliance 
on  laboratory  data  rather  than  field  data  for  sources 
of  sub-models,  and  (3)  limited  evidence  of  overall 
validation.  The  implications  of  the  characteristics 
of  existing  models  for  current  applications  and  for 
possible  future  work  are  discussed. 


93-  Greening,  C.  P.  and  Wyman,  M.  J.  Experimental  evalua¬ 
tion  of  a  visual  detection  model.  North  American 
Rockwell,  Inc.,  Autonetics  Division,  T6-3224/501,  3 

January  1967. 

A  fixed-base  simulation  experiment  was  performed  to 
gather  visual  air-to-ground  target  recognition  per¬ 
formance  data  for  comparison  with  predictions  from 
the  Autonetics  Detection  Model.  Color  motion  picture 
imagery  obtained  during  low-altitude  flight  was  used 
to  simulate  the  observer's  forward  view.  Observer 
performance  was  measured  in  terms  of  probability  and 
range  of  correct  target  recognition.  The  A-D  Detec¬ 
tion  Model  incorporates  parameters  related  to  the 
target,  the  environment,  and  the  observer.  In  gener¬ 
ating  theoretical  predictions  from  the  model,  values 
of  all  parameters  were  specified  independently  of  the 
data  obtained  in  the  experiments.  No  curve  fitting 
techniques  were  used  to  improve  the  fit  between  the 
empirical  and  theoretical  curves.  Results  indicate  a 
close  relationship  between  the  obtained  per  forma  nee 
data  and  the  model  predictions.  A  produet-moment 
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correlation  of  *-0.515,  significant  at  the  0.001  level, 
was  obtained  between  the  empirical  and  theoretical 
50 e  recognition  ranges. 

Grether ,  W.  F.  Visual  search  in  the  space  environment. 
Human  Factors ,  I960 ,  5,  20.5. 

Among  the  important  tasks  of' an  astronaut  will  be  the 
visual  search  for  other  vehicles  in  a  eo-planer  orbit 
for  purposes  of  rendezvous.  Human  data  for  minimum 
visual  acuity  can  hr'  used  to  compute  the  maximum 
sighting  distance  using  information  about  target 
size,  background,  luminance,  and  target  contrast. 
But  this  distant’*'  is  valid  only  if  the  astronau* 
knows  the  exact  location  o  f  the  targe*  t.  satellite  and 
can  fixate*  on  it  with  fovoal  vision.  For  a  tivnamir 
search  situation,  it  is  more  meaningful  to  compute  a 
probability  of  sighting  using  additional  data  or 
assumptions  about  peripheral  visual  acuity,  eye  f  ;  **  •>  - 
t  ion  frequently,  search  area,  and  target  closure  rate*. 
A  method  is  described  for  computing  probability  of 
sighting.  An  example  is  provided  for  application  of 
tiie  method  to  a  search  situation  for  the  approximate 
situation  of  a  space  rendezvous  with  a  target  compa¬ 
rable  to  the  NASA  Gemini  vehicle . 


Grossman,  .J.  1).  and  Whitehurst  ,  H.  O.  Hf  feet  of  visual 
acuity  on  target  -p-qui  si  tion.  NWC  TP  5881,  .June* 
1970. 

Two  laboratory  experiments  were  conducted.  The  pur¬ 
pose  of  the  first.  -'xpi-r  i  m>*n  t.  was  to  determine  the 
effect  of  far  visual  acuity  .  *  target.  acquisition 
performance  relative  to  10  other  factors.  A  rank 
ordering  was  achieved  by  employing  a  screening  tech¬ 
nique  (partial  factorial  ).  Far  visual  acuity  ranked 
second  behind  slant  range  in  most,  analyses.  The  sec¬ 
ond  experiment  was  conducted  to  generate  curves  which 
related  search  times  and  detection  probabi  1  ty  to  fat- 
visual  acuity  at  different,  levels  ot  slant  rang**, 
masking,  and  observer  experience.  A  full  factorial 
design  was  employed  to  test  the  factors.  Subjects 
with  better  than  20/20  acuity  lo'-at***l  the  targets  at 
least  twice  as  fast  as  subjects  with  20/-H)  and  ’  ’ ! ) > " 
acuity.  It  was  also  found  that  the  *>it...-t  it  fir 
visual  acuity  depended  ipon  the  obs.  •  rver- l  *  >- t  urge  * 
rang**  and  upon  the  <*x  t  **nt  >f  target  masking. 

Guftnann,  .1.  Snyd**i-,  M  .  Farley,  W.  ’A'.,  uni 

Gvuris,  .}  .  Ill.  \n  *  *;  p*  r  i  m>  •  n  '  a  I  -let  <»rmi  nu  ’  i  *»n  •>! 


the  effect  of  Image  quality  on  eye  movements  and 
search  for  static  and  dynamic  targets.  Wright-Pat- 
terson  AFB,  OH:  Aerospace  Medical  Research  Labora¬ 
tory,  AMRL-TR-79-51 . 

This  report  contains  the  results  of  two  experiments 
which  investigated  the  effects  of  the  quality  of  a 
televised  image  on  eye  movements  and  search-related 
dependent  measures.  The  first  experiment  search  task 
involved  having  subjects  perform  an  air-to-ground 
search  during  a  simulated  flight. The  quality  of  the 
image  presented  was  varied  by  either  passing,  low- 
pass  filtering,  or  attenuating  the  video  signal  and 
by  adding  electrical  white  noise  to  the  video  signal. 
The  results  of  this  experiment  indicate  that  (1)  at 
the  highest  level  of  electrical  noise  added,  the  per¬ 
cent  of  correct  target  acquisitions  was  decreased 
moderately,  (2)  the  larger  the  target,  the  higher  the 
percent  correct  responses,  (3)  the  low-pass  filtering 
of  the  video  signal  led  to  shorter  ground  ranges  at 
acquisition  for  the  large-sized  targets,  and  (4)  that 
the  larger  the  target,  the  longer  the  fixation  dura¬ 
tion.  Low  to  moderate  correlations  between  modula¬ 
tion  transfer  function  area  (MTFA)  and  performance 
measures  generally  indicated  that  as  MTFA  increases 
performance  improves,  and  that  as  MTFA  increases  fix¬ 
ation  duration  decreases.  The  search  task  of  tin1 
second  experiment  consisted  of  having  the  subjects 
search  for  a  designated  letter  or  numeral  across  a 
televised  picture  of  randomly  positioned  letters  and 
numerals.  The  quality  of  the  picture  was  varied  by 
either  passing,  low-pass  filtering,  high-pass  filter¬ 
ing,  or  attenuating  the  video  signal  and  by  adding 
electrical  white  noise  to  the  video  signal.  The 
results  of  this  experiment  indicated  that  (1)  the' 
high-pass  filtered  high  noise  level  condition  led  to 
significantly  longer  search  times;  and  (2)  the  fixa¬ 
tion  times  associated  with  the  high-pass  filtered 
condition  were  longer  than  those  associated  with  the 
low-pass  filtered,  attenuated,  and  unfiltered  unat¬ 
tenuated  conditions,  and  that  this  effect  was  most 
pronounced  under  high  noise  level  conditions.  Corre¬ 
lations  between  MTFA  and  performance  measures  indi¬ 
cated  that  increases  in  MTFA  lead  to  decreases  in 
search  time  and  decreases  in  fixation  duration. 


97.  Hansen,  0.  K .  and  Frugard ,  -I.  S.  Abstracts  of  litera¬ 
ture  relevant,  to  airborne  operator  target  recognition 
training.  Autonetirs,  North  American  Rockwell  T'-ch- 
n  i  ea  1  R<  -port,  1  9G7  . 
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This  document  contains  a  select  set  of  references  and 
•>  bs  tracts  relevant  to  the  topics  of  visual  reconnais¬ 
sance  training  and  high  resolution  radar  operator 
training. 


98.  Hanson ,  0.  K.  and  Offenstein,  R.  E.  Parametric  analy¬ 
sis  of  tactical  target  recognition  performance:  Com¬ 
parison  of  experimental  training  data  and  JTF-2  field 
studies.  Autoneti.es,  North  American  Rockwell  Techni¬ 
cal  Report,  April  1969. 

Reported  here  are  the  results  of  a  target  recognition 
error  analysis  based  upon  the  data  derived  from  two 
sources.  The  sources  were  (1)  the  Joint  Task  Force 
Two  field  tests,  and  (2)  an  experimental  target  rec¬ 
ognition  training  research  (AOT)  program.  This  lat¬ 
ter  program  employed  visual  simulation  techniques 
based  upon  cinematic  film  of  the  same  target  sites 
used  in  the  JTF-2  target  acquisition  field  tests. 
The  analyses  reported  here  compared  and  contrasted 
the  field  test  and  simulation  tra  ning  data  to:  (1) 

Determine  probability  estimates  of  various  target 
recognition  errors  and  to  relate  these  estimates  to 
types  of  reconnaissance  aircraft,  sensor  devices,  and 
observer  characteristics;  (2)  Develop  comparative 
scales  of  target  recognition  difficulty  for  the  sen¬ 
sors,  aircraft,  and  personnel  of  the  JTF-2  and  AOT 
programs;  (2)  Develop  estimates  of  the  relative 
effects  of  target  recognition  training  upon  personnel 
performance.  Target  acquisition  and  recognition 
error  data  were  tabulated  in  "Confusion  Matrix"  for¬ 
mats  and  error  probabilities  were  estimated  for  each 
of  19  types  of  target  and  each  of  5  srnsor-aircraft 
viewing  modes.  The  viewing  modes  included:  (1)  A 

simulated  visual  reconnaissance  mission  based  upon 
dynamic  wide-screen  cinematography;  (2)  A  simulated 
mission  based  upon  static  projection  of  a  series  of 
color  slide’s;  (2)  Reconnaissance  image  interpretation 
of  standard  photographs  and  infrared  sensor  data;  (4 l 
In- flight  observation  from  01-E  aircraft;  (5)  In¬ 
flight  observation  from  4-4C  aircraft  ;  (6)  In-flight 

visual  observation  from  UH-18  helicopter.  Statisti¬ 
cally  significant  differences  in  recognition-error 
patterns  were  found  between  and  among  viewing  modes. 
Implications  for  both  training  and  operational  plan¬ 
ning  were  discussed. 


99.  Hansen,  ).  K.  and  Wood,  M.  E.  Airborne  operator  target 
recognition  training  procedures,  Vol.  II:  Visual 

reconnaissance  study.  Technical  Report  AF2R1,- 

TR-69-26.  Wright-Pat t erson  \FH,  OH,  1969. 
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The  results  of  the  second  phase  of  the  Airborne 
Operator  Target  Recognition  Training  Program  are 
presented.  The  purpose  of  this  phase  was  to  conduct 
an  experimental  evaluation  of  alternative  training 
procedures  designed  to  develop  the  target  recognition 
skills  of  airborne  observers.  The  experimental  eval¬ 
uation  was  based  upon  a  complex  study  in  which  three 
training  variables  were  compared  in  factorial  combi¬ 
nations  to  determine  the  most  effective  mixture  of 
training  content  and  procedure.  The  variables  were: 

(1)  two  levels  of  introductory  audio-visual  material 
with  differential  emphasis  on  theory  of  function  of 
the  human  visual  system  (one  level  stressed  psycho- 
physiological  theory  and  the  other  level  stressed  the 
practical  principles  of  use  of  the  visual  system), 

(2)  two  levels  of  target  signature*  training  (one 
level  stressed  specific  cues  for  target  identifica¬ 
tion  and  the  other  level  stressed  comparison  of  simi¬ 
lar  targets  without  reference  to  individual  cues), 
and  (b)  two  levels  of  training  in  visual  search  tech¬ 
nique  (one  level  employed  a  wide  dynamic  field  during 
search  instruction  and  the  other  employed  a  narrower 
static  field).  The  study  employed  a  semi-automated 
training  system  and  a  visual  flight  simulator  for 
final  test  comparisons.  Experimental  subjects  were 
selected  from  a  college  student  population  having  the 
physical,  biographical,  and  psychological  character¬ 
istics  of  USAF  flight  trainees.  Results  of  the  study 
were  interpreted  in  three  contexts.  One  related  to 
the  formal  data  interpretation.  Another  related  to 
the  practical  problems  of  training  military  personnel 
in  tactical  targe* t  recognition,  and  the  third  context 
related  to  training  research  methodology.  It  was 
concluded  that  the*  most  effective  training  program 
was  the  one  that  included  the  psychophys  Lolog  ica  1. 
vision  material  in  combination  with  the  instruction 
of  specific  target  signatures  and  narrow  field  static 
search .  It  was  also  concluded  that  new  methods  are 
needed  to  incorporate  practical  military  considera¬ 
tions  such  as  training  cost,  personnel  availability, 
and  operational  relevance  into  the  research  decision 
strategy .  Some  of  these  considerations  were  explored 
and  a  list  of  practical  training  research  limitations 
was  formulated.  Finally,  it  was  suggested  that 
training  research  can  be  more  efficient  if  computer¬ 
ized  systems  are  employed  to  provide  on-line  analysis 
of  experimental  training  results.  This  approach  was 
compared  with  the  more  traditional  methods  in  which 
the  entire  study  is  run  prior  to  data  analysis. 


ou.  dense;!  t  o.  K.  and  Wright  ,  W.  1*1 .  Airborne  operator 
:  irg-o.  recognition  training  procedure:;.  \F  Human 
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Resources  Lab  fit  ■  \v  .  •  >n  i  -s  liiiborai  >ry  , 

Wright- Patter sor  M-'H .  •  ••■-i :  ••»  Report:  \FMRL- 

TR-09-:M  ,  Ma r.-t.  !9L9. 

The  results  of  tin*  firs*  :•  is-  •  .*  t  research  prog  ran 

to  develop  target  r**<*og:i  •  »  i  *  •’>  •  ra  .  n  :  *ig  procedures  for 

airborne  observers  .ar  *  . . .  ’  •  .  ,ph  i  s  phase  has 

been  concerned  with  t  he  i n a  1  y t  t  development  of  an 
experimental  research  p  1  a  n  *  or  studies  i  n  visual 
observation  training.  Results  <>;  ’he  -malyses  are 

desc  ribed ,  and  a  detailed  pi  an  for  *  he  initial,  ’rain¬ 
ing  expert men t  is  presented. 


101.  Ha  r  cum  ,  R.  R.  Detection  versus  localization  errors  of 
various  radii  of  the  visual  f  i'*ld .  Visuad  Search 
Techn iques ,  Proceedings  of  a  Symposium,  Publication 
712,  National  Academy  of  Sciences,  NRC  Commi t  too  on 
Vision,  April  1950. 

The?  problem  of  this  paper  is  to  distinguish  between 
two  factors  affect  ting  accuracy  of  reporting  the 
location  of  a  target,  which  may  appear  tach istoscop- 
ical.ly  on  a  radius  of  the  visual  field  eccentric  to 
fixation.  Whenever  the*  observer  is  asked  to  report 
tile  radial  location  of  such  a  target,  two  of  the 
factors  affecting  performance  are,  first,  tin*  capa¬ 
bility  of  detecting  the  presence  of  the  target,  bv 
tiie  observer,  and,  second,  the  ability  of  the 
observer  to  local  iw  correctly  the  target  once  he 
tias  seen  it.  Let  us  call  the  first,  "detection  sen¬ 
sitivity,"  and  the  latter,  "localization  accuracy.” 
Tiie  present  thesis  is  that  detection  sensitivity  is 
greatest  for  targets  to  the  right  and  left  of  fixa¬ 
tion,  and  poorest  for  those  targets  above  and  below 
fixation,  but  that  localization  accuracy  is  best,  for 
targets  above,  below,  right,  and  left  of  fixation, 
and  poorest  for  those  targets  diagonally  displaced 
f  rom  fixation. 


102.  Harris,  .  L.  Factors  to  be  considered  in  developing 
optimal  visual  sear-ii.  Vi_sual  Search  T<_c  h  n  i^ue  s  , 
Proceedings  of  a  Symposium,  Publication  712, 
National  Academy  of  Science ,  NHL  Committee  on 
Vision,  April  1959. 

The  capability  of  performi ng  suceessful  visual 
search  calculations  involves  essentially  two  fac¬ 
tors.  Tiie  firsl.  is  tin*  availability  of  all  neces¬ 
sary  visual  psychophysical  d  a  *  a  .  Th i s  is  a  large 
order  for  tin*  psye  hophys  i  c  i  st  i  n  this  field.  The 
second  factor  is  tin*  development  ot  proper  tools  for 
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the  analysis  of  the  task.  This  development  of  tools 
involves  elements  of  operations  analysis,  statisti¬ 
cal  decision  theory,  and  detection  and  search  the¬ 
ory.  Because  much  of  the  psychophysical  data  exist¬ 
ing  is  nonanalytic  in  nature,  work  is  required  in 
developing  analytical  approximations,  where  feasi¬ 
ble,  and  graphical  and  computational  aids,  where  the 
analytic  approximations  are  not  feasible. 


103.  Harris,  J.  L.  Studies  of  mathematical  models  of  vis¬ 
ual  performance  capability.  Scripps  Institute  of 
Oceanography,  University  of  California,  San  Diego 
Technical  Report,  January  1963- 

This  report  summarizes  the  pertinent  results  to  date 
of  an  extended  series  of  interrelated  studies  of 
mathematical  models  o.  visual  performance  capabil¬ 
ity.  The  starting  point  for  the  studies  is  the 
derivation  of  an  analytical  expression  for  the  psy¬ 
chometric  function.  The  subsequent  studies  involve 
the  use  of  the  analytic  psychometric  function  as  a 
tool  for  the  prediction  of  the  results  of  vision 
experiments  which  either  have  been  performed  or 
could  be  performed.  The  capability  of  making  such 
predictions  constitutes  an  important  forward  step 
toward  an  operational  Visual  Target  Classifier  Sys¬ 
tem.  In  addition  to  the  prediction  of  visual 
thresholds,  the  model  can  be  used  to  explore  the 
significance  of  currently  employed  techniques  for 
the  processing  of  experimental  vision  data. 


104.  Harris,  J.  L.  Visual  aspects  of  air  collision.  Vis- 
u  a  1  Search ,  Symposium  conducted  at  the  spring  meet¬ 
ing  1970,  Committee  on  Vision,  Division  of  Beha¬ 
vioral  Sciences,  National  Research  Council,  National 
Academy  of  Sciences,  Washington,  D.  C.,  1973- 

The  material  presented  in  this  paper  illustrates  a 
technique  of  calculation  applicable  to  the  air  col¬ 
lision  problem.  No  conclusions  can  be  drawn  from  a 
single  case  involving  one  aircraft,  one  aspect,  one 
lighting  geometry,  one  search  solid  angle,  or  any 
other  single  instance  of  a  wide  variety  of  condi¬ 
tions.  Similar  analysis  performed  for  a  cross-sec¬ 
tion  of  such  cases  will  give  insight  into  the  nature 
of  the  visual  capablities  in  air  collision  avoid¬ 
ance.  As  is  generally  true,  it  is  difficult  to  pos¬ 
tulate  a  practical  solution  to  a  problem  that  is  not 
clearly  understood.  In  my  opinion,  the  tools  of 

analysis  describe!  in  this  paper  can  assist  in 
developing  such  an  understand  i  nr, .  It  is  very  easy 
to  attribute  o;ory  air  collision  to  "pilot  error." 
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To  do  so  may  be  placing  an  unjustified  stigma  on  the 
pilots  involved  and  may  allow  all  other  pilots  to 
continue  a  false  optimism  that  it  can  never  happen 
to  them.  A  clear  understand ing  of  the  capabilities 
and  limitations  of  the  human  visual  system  in  colli¬ 
sion  avoidance  with  full  recognition  of  the  pilot's 
cockpit  workload  is  a  necessary  prerequisite  for  the 
development  of  satisfactory  solutions  to  the  prob¬ 
lem  . 


105.  Harris,  T.  J. ,  Jacobs,  B.  J.  and  Strauss,  W.  J.  Air- 
to-air  combat  model  program  and  appendices,  techni¬ 
cal  details,  ATAC-2:  Single  search  and  double 

search.  Ca y wood-Sc hi 1 ler  Associates,  Chicago,  IL, 
Technical  Report,  November  1967. 

ATAC-2  is  a  simulation  model  designed  to  help  evalu¬ 
ate  fighters  in  air-to-air  combat.  The  model  treats 
the  one  versus  one  dogfight  which  arises  from  a  ran¬ 
dom  search  situation.  Both  aircraft  in  the  combat 
are  usually  aggressive.  The  two  principal  outputs 
from  the  model  are  the  probability  a  given  aircraft 
is  killed  in  the  fight  and  the  expected  number  of 
enemy  aircraft  kills  over  its  useful  life.  Combat 
is  restricted  to  a  fixed  altitude.  The  maneuvers 
are  dynamic  in  that  each  aircraft  responds  to  the 
situation  at  each  moment  in  a  duel,  depending  on  the 
information  it  has  about  an  opponent's  activities. 
Inputs  include,  for  each  aircraft,  search  and  track¬ 
ing  radar  characteristics,  passive  radar  sensors, 
optical  capability,  IFF,  energy-maneuverability 
data,  weapon  loadings,  weapon  character istics ,  and 
weapon  kill  probabilities.  The  rationale  for  model 
specifics  are  presented.  Flow  charts  and  program 
listings  are  included.  Tne  model  has  been  run 
repeatedly  on  an  IBM  7094. 


106.  Hart,  R.  S.  Effects  of  colored  lenses  on  visual  per¬ 
formance.  Aerospace  Medical  Research  Laboratory, 
Technical  Report  No.  AMRL-T R-74-JB,  1974. 

This  study  compares  operator  target  detection  per¬ 
formance  while  wearing  red,  yellow,  and  gray  sun¬ 
glass  lenses  and  unaided  viewing.  A  research  task 
was  performed  outdoors  using  survival  orange  t'*nts 
located  at  ranges  of  1600  ft  t  o  4  6 00  ft  from  the 
subjects.  No  statistically  significant  performance 
differences  were  obtained,  although  subjectively  the 
operators  preferrei  the  yellow  lenses  over  the  gray 
sunglasses  and  un  f  i  te’-ed  r  on  i  i  ti-'ns. 
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107.  Heap,  E.  Mathematical  theory  of  visual  and  televisual 
detection  lobes.  Journal  of  the  Institute  of  Mathe¬ 
matics  and  Its  Applicatio n s ,  1966,  2 ,  157. 

This  paper  reviews  recent  developments  in  the  appli¬ 
cation  of  mathematics  to  the  evaluation  of  human 
visual  performance.  Although  the  spread  of  automa¬ 
tion  is  proceeding  fast,  in  the  modern  world  of 
technology  there  remains  a  continued  need  for  the 
human  being  to  monitor  and  supervise  many  systems 
processes.  Also  the  human  eye  is  still  the  best 
detection  device  in  many  circumstances,  some  of 
which,  it  is  shown,  can  be  represented  mathemati¬ 
cally.  Thus,  the  visual  aspects  of  man's  capability 
are  inevitably  involved  as  part  of  current  man-ma¬ 
chine  systems.  Furthermore,  television  is  coming 
into  wide  usage  as  an  aid  to  detection  and  supervi¬ 
sion,  since  it  enables  the  observer  to  sit  remotely 
from  the  viewing  situation,  which  might  either  be 
dangerous  or  inconvenient.  Mathematical  extensions 
of  visual  detection  models  into  the  television  mode 
are  also  given,  showing  the  advantages  that  can  be 
obtained  from  magnification  and  contrast  enhancement 
effects  in  comparison  with  the  disadvantages  of 
restricted  fields  of  view  and  limited  resolution.  A 
first  step  is  taken,  therefore,  toward  expressing 
some  important  human  factors  in  mathematical  form. 


108.  Henneman,  R.  E.  Factors  determining  the  identifica¬ 
tion  of  ambiguous  visual  stimuli.  Visual  Search 
Techniques,  Proceedings  of  a  Symposium,  Publication 
712,  National  Academy  of  Sciences,  NRC  Committee  on 
Vision,  April  1959. 

One  of  the  more  serious  problems  of  visual  search 
concerns  the  difficulty  of  target  or  signal  detec¬ 
tion  and  identification  because  of  ambiguous  stimu¬ 
lus  data.  Such  stimulus  ambiguity  may  arise  from 
several  conditions,  such  as  masking,  distortion,  or 
impoverishment.  These  adverse  conditions,  fre¬ 
quently  encountered  in  operational  situations,  lead 
to  delays  and  inaccuracies  of  the  perceptual  respon¬ 
ses  of  the  observers.  Since  little  can  be  done  in 
practical  situations  to  reduce  the  physical  sources 
of  stimulus  ambiguity,  there  arises  the  significant 
question  of  whether  it  may  be  possible  to  alter  the 
state  of  the  observer  so  as  to  improve  his  percep¬ 
tion  under  such  conditions.  To  what  extent  may 
greater  operator  proficiency  be  achieved  by  provid¬ 
ing  him  with  a  stjck  of  built-in  responses,  thereby 
enabling  him  to  act  independently  of  the  physic. *1 
stimuli?  The  notion  of  multiple  i e term i nat i on  of 
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perceptual  responses  and  the  closely  related  concept 
of  "set"  offer  suggestive  leads  toward  the  answer  to 
this  question. 


109.  Hesson,  J.  M.  and  Thomas,  F.  H.  Training  materials 
for  aerial  observer  instrumentation  in  basic  visual 
skills.  HumRRO  Technical  Report  No.  80,  October 
1  962. 

The  material  presented  in  this  paper  is  designed  to 
assist  the  unit  training  officer  in  developing  and 
presenting  a  complete  training  package  on  the  basic 
skills  of  visual  aerial  observation.  The  material 
is  broken  down  as  follows:  Period  1  (2  hrs  ,)  ,  Vis¬ 

ual  Search  Techniques;  Period  2  (6  hrs.',  Recogni¬ 
tion  Training;  Period  3  (4  hrs.),  Geographical 

Orientation;  Period  4  (4  hrs),  Target  Location. 


110.  Howarth,  C.  I.,  Bloomfield,  J.  R.,  Kemp,  J.  F.  and 
Mathews,  M.  L.  Visual  detection  and  search.  Minis¬ 
try  of  Technology  Report  of  Contract  No. 
PD/24/0  18/AT,  July  1966-June  1  967. 

By  investigating  the  effects  of  various  factors  on 
visual  detection,  we  hope  to  help  with  the  predic¬ 
tion  of  the  levels  of  performance  obtainable  in  real 
life  detection  tasks.  Positional  uncertainty  of  the 
target,  the  struct ure  of  the  field  of  view,  and 
movement  were  specified  because  of  their  relevance 
to  practical  search  situations  and  because  of  the 
lack  of  reliable  laboratory  data.  To  help  develop 
an  adequate  understanding  of  visual  search  behavior, 
we  have  begun  to  look  at  some  of  the  above  parame¬ 
ters,  under  conditions  where  the  observer  is  allowed 
only  a  single,  brief  glimpse  of  a  display  and  also 
under  search  conditions  (i.e.,  where  he  is  allowed 
to  look  around  the  display  until  he  finds  the  tar¬ 
get).  We  hope  to  be  able  to  use  our  data  to  test 
the  models  of  visual  search  which  are  currently  in 
use  or,  if  these  prove  inadequate,  as  the  basis  for 
new  models  . 


111.  Howarth,  C.  I.  and  Bloomfield,  J.  R.  Toward  a  theory 
of  visual  search.  AGARD  Conference  Proceed  i  ngs  ,  No. 
41,  A. 2,  October  1963. 

As  part  of  a  fuller  program  of  research  into  the 
nature  of  visual  search,  we  have  devised  a  simple, 
adaptable  search  task  in  which  subjects  look  for  the 
odd  disc  in  a  display  of  larger-  or  smaller  d  i  sc  s . 
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We  have  carried  out  extensive  studies  of  well 
practiced  observers,  producing  much  basic  search 
data.  We  have  derived  a  model  of  search  from  basic 
search  theory  which,  while  being  in  no  way  defini¬ 
tive,  is  mathematically  simple,  and,  to  some  extent, 
accounts  for  the  data  we  have  found  experimentally. 
However,  there  are  some  problems,  and  this  is  not 
more  than  a  first  step  in  a  continuing  effort  to 
devise  ways  of  predicting  the  range  and  latency  of 
real  targets  from  a  physical  specification  of  the 
target-background  complex. 


112.  Hughes,  R.  J.,  Henke,  A.  H.  and  bchult^,  R.  L.  et  al. 

Helmet-mounted  s  ight/ d  ispl ay  applications,  vol.  Ill, 
Tracking  capabilities.  AF  Flight  Dynamics  Labora¬ 
tory,  Wr  ight-Patterson  AFB,  OH.  Technical  Report 
AFFDL-TR-69-1 18,  1969. 

This  report  describes  the  system  studies  and  experi¬ 
mental  work  done  to  determine  the  applicability  of  a 
helmet-mounted  sight  display  (HMS/D)  to  high-per¬ 
formance  aircraft  of  the  F  —  1 5  type.  The  HMS/D  was 
found  to  have  several  areas  of  applicability  to  such 
aircraft,  particularly  in  the  mission  phases  having 
to  do  with  weapon  delivery.  Closed-loop  performance 
of  the  sight  display  combination  was  examined  expe¬ 
rimentally  as  a  part  of  the  study.  The  performance 
experiment  is  based  on  the  ability  of  the  engineer 
subjects  to  sight  and  track  targets  displayed  on  the 
helmet  display.  Interface  of  the  HMS/D  with  other 
aircraft  systems  was  considered,  and  a  baseline 
HMS/D  system  was  defined  to  the  degree  necessary  to 
enter  a  prototype  development  phase. 


113.  Ireland,  F.  H.  Kffe<-ts  of  surround  illumination  on 
visual  performance :  An  annotated  bibliography. 

Aerospace  Medical  Research  Laboratories,  Aerospace 
Medical  Division,  Air  Force  Systems  Command, 
Wr ight-Patterson  AFH ,  )H.  AMRL-T R-67- 1 0 3 ,  July 

1967. 

A  common  human  factors  recommendation  states  that, 
for  good  target  visibility,  the  area  surrounding  a 
display  should  not  be  brighter  than  the  background 
area  within  the  ii splay.  However,  this  recommenda¬ 
tion  must  often  be  violated  in  appl  ications  where 
the  surround  brightness  cannot  be  adequately  con¬ 
trolled  (e.g.  ,  in  an  airplane  cockpit)  and/or  dis¬ 
play  technique  limitations  prevent  use  of  high 
brightness  backgrounds  (e.g.,  with  '■•at.  ho  le  r  ry 
tube).  This  1  i  teratur  •'  rev  i  ew  was  undertaken  t  >  see 
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what  has  been  discovered  thus  far  concrminfi  the 
effects  on  target  visibility  of  specific  parameters 
of  a  sur round-to-baekground  relationship  in  which 
the  surround  is  brighter  than  the  display  back¬ 
ground.  Well  over  100  documents  were  reviewed. 
Seventy-five  annotated  references  to  the  more  perti¬ 
nent  documents  are  contained  in  this  report.  From 
this  review  it  would  appear  that  the  important  par¬ 
ameters  determining  the  visibil ity  of  a  target,  ot  a 
given  angular  subtense  at  the  eye  and  centered  on 
the  display  background,  are  (1)  target- to- background 
contrast,  (2)  background  brightness,  ('.’>)  background 
angular  subtense  (which  determines  targe t- to— su r- 
round  separation),  (4)  surround- to-backg round 
brightness  ratio,  and  (5)  surround  angular  subtense 
( important  when  the  surround  does  not  extend  to  the 
ou tor  limits  of  the  visual  field).  Quantitative 
efforts  of  these  parameters  have  been  studied  by 
numerous  investigators.  Results  of  studies  using 
extended  surrounds,  rattier  than  point  sources,  have 
not  boon  sufficiently  comprehensive  or  consistent,  to 
support  quantitative  generalizations  in  this  area. 
Attempts  have  been  made  by  Holladay  and  by  Moon  and 
Spencer  to  make  quantitative  predictions  for  the 
extended  surround  case  on  the  basis  of  the  more 
extensive  body  of  data  deal i ng  wi th  point  source 
effects.  However,  several  of  the  findings  upon 
which  their  formulas  were  based  have  boon  contra¬ 
dicted  Ly  other  liudinrs  cited  in  this  report 

114.  Johnston,  !).  M.  Search  performance  as  a  function  of 
peripheral  acuity  .  Human  Factors ,  1  !)»>.» ,  7,  r>'.J7 . 

This  study  was  made  t  •»  invest  igai.e  the  relationship 
between  the  size  of  visual  tie',, is  o!  observers  and 
time  required  to  locate1  targets  >*n  static,  displays. 
The  findings,  which  indicate*  that  people  with  large 
visual  fields  can  find  targets  more  rapidly  than 
observers  with  small  fields,  have  pract  leal  selec¬ 
tion  and  training  app 1  i  •  a  *  i on .  'Iquaiions  are  pres¬ 
ented  which  can  b<*  us<*d  to  determine  sear-h  time 
that,  •■an  be  expected  as  a  function  o  1  the  size  o  1 
the  visual  field  ot  the  observer  and  the  apparent 
size  of  t  tie  area  being  e-ar-hed. 


lid.  .Johns*  *  mi  ,  1).  M .  Ki  fe.-t  of  smoking  >n  visual  sear-h 

performin'1'.  Pet . pt  ua  1  and  Motor  Skills,  1  thio  . 

<;  1 1)-*;::'.: . 

Th"  nurpose  of  'hi  -  eX., ,.-v  s’  idv  vc  '•>  de*  ,-r- 
m;ne  what  <•'.  . .  no  m  <k  t  •*•’.  ■  >*■  r  i  sir »k  i  tig  had 
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on  time  required  to  find  a  target  on  static 
displays.  Four  males  served  as  subjects  in  the 
experimental  group  and  four  in  the  control  groups. 
Search  performance  improved  34%  for  a  group  of 
habitual  smokers  who  reduced  their  smoking  or 
abstained  from  smoking  for  2  weeks.  In  contrast, 
search  performance  improved  only  6%  for  the  control 
group  of  smokers  and  25%  for  the  control  group  of 
nonsmokers.  Although  only  a  few  subjects  were  meas¬ 
ured,  results  indicate  further  study  should  be  made. 


116.  Johnston,  D.  M.  The  relationship  of  near-vision 
peripheral  acuity  and  far-vision  search  performance. 
Human  Factors ,  1967,  9,  301. 

Thirty-five  subjects  who  did  not  wear  glasses  or 
contact  lenses  and  with  foveal  acuity  of  20/30  or 
better  monocular  and  binocular  far  and  near  vision 
were  given  a  near-vision  peripheral  acuity  test  and 
a  far-vision  search  task.  The  results,  which  showed 
a  low  correlation  between  near-vision  peripheral 
acuity  and  far-vision  search  performance,  are  con¬ 
sistent  wit..  Giese's  findings  of  low  correlations 
between  near  and  far  foveal  acuity. 


117.  Jones,  D.  A.  Visual  search  processes  of  Coast  Guard 
aircrewmen.  Naval  Postgraduate  School,  Monterey, 
CA,  Master's  thesis,  December  1974.  ( AD/A004-252) 

This  thesis  presents. the  various  components  of  the 
visual  search  process  as  it  applies  to  Coast  Guard 
lookouts.  It  begins  with  a  description  of  the  human 
eye  and  follows  with  an  introduction  to  detection 
lobe  theory.  Next,  the  most  distinct  region  of  day¬ 
light  vision,  the  foveal  vision  area,  is  discussed. 
In  the  following  section  on  eye  movement  patterns 
during  visual  search,  the  rate  and  duration  of  eye 
fixations  are  graphically  presented.  These  data 
indicated  that  there  are  about  three  fixations  every 
second  and  each  fixation  lasts  about  a  quarter  of  a 
second.  The  probability  of  seeing  section  indicates 
that  the  probability  of  detection  in  the  foveal 
vision  area  is  proportional  to  the  size  and  contrast 
of  the  target.  Finally,  the  inverse  cube  law  of 
detection  is  utilized  to  calculate  the  probability 
of  detection  versus  coverage  factor  for  patterned 
searches. 


113.  Jones,  b.  H .  and  Ho  rgert ,  J.  W .  Target  uoquisiti  hi 
studies:  V  l  sua  .  mg  I  e  ml  1  argot  t  >  background  eon- 
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trast  for  directly  viewed  targets.  Martin  Marietta 
Corporation,  Orlando,  FL,  iechnical  Report. 

This  study  investigated  the  basic  target  acquisition 
capability  of  the  unaided  eye  in  a  simulated, 
closely  controlled,  real-world  environment.  Pilot 
performances  on  air-to-ground  target  detection  and 
recognition  tasks  were  examined  in  (1)  a  search  task 
for  unbriefed  targets  and  target  areas,  and  (2)  psy¬ 
chophysical  threshold  visual.  angle  requirements  for 
briefed  targets.  A  large  decrement  in  performance 
at  low  contrast  levels  of  5%  to  15%  for  both  target 
detection  and  recognition  was  found.  Differences  in 
performance  between  search  and  threshold  tests 
decreased  to  a  constant  value  above  approximately 
the  20%  contrast  level.  At  low  target  to  background 
contrast  levels,  high  contrast  non-targets  were 
eliminated  prior  to  reaching  the  visual  threshold 
for  the  low  contrast  target  which  was  then  detected. 
Consequently,  there  were  no  significant  differences 
between  search  and  threshold  tasks  at  low  contrast 
levels.  Comparison  of  the  static  and  dynamic 
threshold  tests  revealed  no  differences  in  the 
observer's  performance  with  limited  or  unlimited 
time  for  target  examination. 


19.  Jones,  D.  B.  and  Freitag,  M.  Recent  target  acquisi¬ 
tion  and  recognition  studies.  Martin  Marietta  Cor¬ 
poration,  Orlando,  FL,  Technical  Report. 

This  study  investigated  the  basic  target  acquisition 
capability  of  the  aerial  observer  using  a  TV  display 
system  in  a  simulated,  closely  controlled,  "real- 
world"  environment.  Pilot  performances  on  air-to- 
ground  target  detection  and  recognition  tasks  using 
TV  were  examined  in  static  and  dynamic  viewing  con¬ 
ditions.  Two  fields  of  view  ' F 0 V )  for  14.5  deg  and 
7.3  deg  were  used.  Varying  target  to  background  and 
contrast  conditions  were  used  from  10%  to  50%. 
Experienced  military  pilots  were  used  as  subjects. 
Results  indicated  significant  differences  in  detec¬ 
tion  and  recognition  between  static  and  dynamic  con¬ 
ditions;  however,  the  dynamic  task  was  the  harder  as 
shown  by  greater  subject  variability.  Effects  of 
contrast  were  not  as  great  with  wide  FMV  a:-,  it  was 
for  the  narrow  FOV  .  The  probability  of  a*- q  u  i  s  :  t ;  or 
increases  with  increasing  -ontrast. ,  regard  1  >':>?,  of 
FOV.  Target  acquisition  times  we  re  with  a  nar¬ 

row  FOV. 
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120.  Jordan,  S.  Eye  movement  research  program,  Annual 
report.  Naval  Training  Device  Center  Technical 
Report  No.  NAVTRADEVCEN  IH-166,  1969. 

In  the  first  section  of  the  report,  the  literature 
on  technique  and  experimentation  in  eye  movement 
research  as  it  affects  training  device  development 
is  reviewed.  In  the  second  section,  the  current 
program  of  the  Human  Factors  Lab  is  described.  This 
includes  the  preliminary  experimentation  on  visual 
guidance  techniques  and  the  refinement  of  the  elec- 
tro-oculographic  method  of  recording  eye  position. 
The  last  section  is  devoted  to  a  description  of 
future  programs . 


121.  Katz,  M.  S.,  Cirincione,  P.  A.  and  Metlay,  W.  Empty 
visual  field  studies:  Some  effects  of  corrective 

lenses,  filters,  and  structure.  Technical  Report 
NAVTRADEVCEN  lH-14,  1964. 

An  experiment  was  performed  to  explore  target  detec¬ 
tion  ability  in  a  homogeneous  visual  environment  as 
compared  to  that  in  a  structured  visual  field. 
Twelve  male  college  students  were  each  given  three 
experimental  treatments  in  each  visual  field.  These 
treatments  were:  (1)  piano  lenses  (control),  (?) 

corrective  lenses  (-0.5  diopter),  and  (3)  filter 
lenses  (neutral  density  0.65).  The  task  required 
the  detection  of  targets  subtending  between  2’5"  of 
visual  angle  and  6'8"  of  visual  angle  under  condi¬ 
tions  of  positive  contrast.  Data  analysis  indicated 
significant  differences  between  the  empty  visual 
field  and  the  structured  fiel-J,  between  the  three 
experimental  treatments,  and  between  the  six  target 
sizes  employed.  Differences  between  subjects  were 
also  found  to  be  significant.  Target  detection  per¬ 
formance  under  conditions  of  the  homogeneous  visual 
environment  as  it  relates  to  a  pilot's  task  are  dis¬ 
cussed.  The  hypotheses  of  disorganization  of  sys¬ 
tematic  patterns  of  search  and  .appropriate  accommo¬ 
dation  of  the  eye  .are  also  discussed. 


122.  Kerr,  J.  L.  Visual  resolution  in  the  periphery.  Per¬ 
ce  pt ion  and  Psychophysics,  1971,  9,  375-378. 

Visual  acuity  t  hr  <»  sho  ]  Is  wore  determine!  far  tw  .  'is 
with  a  7  deg  s;  nr»  target  presented  f  >r  0.2  s  with 
a  steady  illuminated  surround  field  matched  in  lumi¬ 
nance  with  the  ie-t  field.  Measurements  were  made 
in  the  f  Vv'e.u,  and  1 1  1  <,  i,  and  dr)  deg  along,  the 
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nances  between  -3.5  and  3 • C  log  mL.  The  foveal 
acuity  luminance  functions  showed  a  large  increase 
up  to  1  or  2  log  mL,  but  at  peripheral  locations 
very  little  increase  occurred  above  0  log  mL.  The 
maximum  acuity  reached  at  photopio  luminances  drop¬ 
ped  sharply  with  increasing  eccentricity.  Visual 
acuities  were  two  or  four  times  higher  than  those 
•eviously  reported  for  the  periphery;  methodologi¬ 
cal  and  target  differences  are  presented  to  account 
fc  r  this  resul t. 


123.  Kincaid,  W.  M.  Theoretical  models  for  the  discrimina¬ 
tory  process  in  visual  detection.  University  of 
Michigan,  Willon  Run  Laboratories,  Report  No. 
21  4  4—231  — T ,  January  1959. 

A  variety  of  theoretical  models  for  the  discrimina¬ 
tory  process  involved  in  visual  detection  under  lab¬ 
oratory  conditions  have  previously  been  proposed, 
ranging  from  simple  threshold  notions  to  theories  of 
signal  detection  in  the  presence  of  noise.  These 
models  may  be  shown  to  represent  variants  of  a  more 
general  model,  which  is  expressed  in  terms  of  an 
abstract  space  corresponding  with  the  set  of  possi¬ 
ble  states  of  the  central  nervous  system.  Different 
subsets  of  this  space  correspond  to  different 
responses.  Each  stimulus  presented  generates  a 
probability  distribution  of  the  space.  This  formu¬ 
lation  clarifies  certain  issues  and  suggests  possi¬ 
ble  avenues  of  future  research. 


124.  Kirkpatrick,  M.  Development  and  evaluation  of  a  ran¬ 
dom  walk  model  of  visual  search  behavior.  North 
American  Rockwell  Corporation,  Columbus,  OH,  Report 
No.  NR63H-760,  2  December  19'  3. 

A  random  walk  model  of  visual  search  performance  was 
proposed.  The  model  views  the  search  process  as  a 
Markov  chain  having  two  absorbing  states,  correct 
and  incorrect  acquisition.  Equations  for  predicting 
acquisition  probabilities  and  search  time  distrib¬ 
utions  in  terms  of  the  transition  parameters  were 
derived.  The  fit  of  the  mode.  to  the  existing 
search  uata  was  examined.  T  e  results  suggested 
fairly  close  agreement  betwc  <-n  predictions  and 
observations.  it  was  concluded  that  data  based  on 
larger  sample  sizes  would  be  required  to  adequately 
assess  the  validity  of  the  m'jdel  . 
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125.  Kleinman,  D.  L.  ,  Ephrath,  A.  R.,  and  Krishna  Rao,  P. 

Effects  of  target  motion  and  image  on  AAA  tracking. 
Air  Force  Office  of  Scientific  Research  Report, 
AFOSR-TR-78-01 38,  1978. 

The  optimal  control  model  of  human  response  is 
applied  to  study  target  tracking  performance  of  an 
AAA  (Anti-Aircraft  Artillery)  system.  The  effects 
on  tracking  error  of  different  motions,  i.e.,  accel¬ 
eration  profiles,  are  studied  via  a  covariance  pro¬ 
pagation  modeling  approach  and  via  experiment.  Dif¬ 
ferent  assumptions  relative  to  the  adaptive  tracking 
behavior  of  the  human  are  explored  along  with  dif¬ 
ferent  schemes  for  inter-axis  attention  allocation. 
The  effects  of  visual  information  inherent  in  a  mov¬ 
ing  target  image  (e.g.,  size,  aspect  angle,  etc.) 
are  explored  via  comparison  results  with  a  moving 
image  versus  image  of  fixed  size  and  shape.  Experi¬ 
mental  tracking  results  are  compared  with  those  pre¬ 
dicted  by  the  model. 


126.  Knowles,  W.  B.  Flight  controllers  for  jet  transports. 
Human  Factors ,  1967,  9,  305-320. 

Several  designs  for  flight  controllers  for  jet 
transports  were  developed  to  improve  panel  visibil¬ 
ity  and  pilot  comfort.  The  designs  were  rated  by  a 
panel  of  12  pilot-evaluators.  Three  of  the 
desig ns--Du al  Side-Arm  Yoke  with  Verier  Handle,  Cir¬ 
cumferential  Drive  with  a  Vernier  Handle--met  with 
sufficiently  high  acceptance  that  their  further 
development  and  evaluation  appear  warranted.  The 
issues  of  gaining  acceptance,  of  obtaining  judgments 
from  appropriate  evaluators,  and  the  need  for  fur¬ 
ther  testing  in  dynamic  flight  simulators  are  dis¬ 
cussed  . 


127.  Koomen,  M.  J.  Comments  on  air-to-air  visibility  at 
high  altitude.  National  Research  Laboratory  Memo¬ 
randum  Report  No.  3J*3,  1959. 

Aviators  flying  at  high  altitude  report  difficulty 
in  sighting  other  aircraft.  The  factors  causing 
this  poor  air-to-air  visibility  are  discussed,  par¬ 
ticularly  the  phenomenon  of  "empty  field"  myopia. 
It  is  concluded  that,  the  correction  of  myopia  may 
moderately  improve  air-to-air  vision.  An  experiment 
for  quantitatively  determining  the  improvement  is 
proposed,  and  s  >m°  pr.ictie.a1  methods  of  correcting 
the  empty  f i e 1  |  my  >pia  arc  suggested. 
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128.  Koomen,  M.,  Scolnik,  K.  and  Tousey ,  r.  A  study  of 

night  myopia.  Journal  of  the  Optical  Society  of 
America  ,  1951,  4_1_,  50. 

The  phenomenon  of  night  myopia,  wherein  the  eye 
becomes  relatively  nearsighted  in  dim  light,  was 
investigated  in  detail  using  high  contrast  grating 
test  objects.  Night  myopia  first  appeared  at  the 
brightness  level  where  rod  vision  began  to  take 
place  and  grew  larger  as  the  brightness  was  further 
reduced.  At  the  lowest  orightness  investigated,  the 
myopia  attained  a  value  of  1.5  to  2.0  diopters, 
depending  upon  the  observer.  Night  myopia  appeared 
when  accommodation  was  prevented  by  an  optical 
method  and  also  when  accommodation  was  paralyzed 
with  homatropine.  It  was  therefore  concluded  that 
accommodation  was  not  a  significant  cause  of  night 
myopia  in  the  observers  examined.  fhe  spherical 
aberration  of  the  observers’  eyes  was  measured  and 
its  effect  upon  the  effective  focal  length  of  the 
eye  was  investigated  with  the  aid  of  artifiexal 
pupils.  Also  studied  were  thr  properties  of  a  sim¬ 
ple  glass  lens  having  spherical  aberration  approxi¬ 
mating  that  of  the  eye.  All  tests  showed  that  night 
myopia,  and  its  dependence  upon  the  brightness 
level,  is  primarily  result  of  undercor rected 
spherical  aberration  of  the  eye.  For  some  eyes, 
homatropine  reduced  night  myopia  slightly,  but  on1 y 
to  the  extent  that  it  reduced  the  spherical  aberra¬ 
tion.  A  review  of  the  literature  is  included. 


129.  Koopman,  B .  0.  Search  and  screening.  Journal  of  the 
Optical  Society  of  America,  Par’  1.  June  "  Part 

<T,  October  1955;  Par*  •  October  1  j 

1  30.  Koopman,  5.  0.  The  theory  r  sear  -h :  I  .  Kinematic 

bases.  Operations  Her, ear ch ,  June  *  >'■■■•.,  -Ti. 

The  present  paper  is  i  n t <»n  ! e  j  *.  >  provide  the  kine¬ 
matic  bases  of  .  i  sun  sear  cn  the  :-ry  .  it  s  *  ud  :  r 

fairly  simple  cases  of  •*•'*}  at  i  « >■  -  *  :  n  and  draws 

inspiration  from  the  <  i  net  i  Vm  r  y  >  f  mat*  . 

the  conventional  search  situation,  'here  ere  vg-e.- 
general  features:  (  1  )  .“he  k  i  ’i-r  i*  i  bases,  :  r  i  v  ,  ’  v  - 

ing  the  positions,  geome*  >•  i  >.> ;  :■  m  ;  i  gu r  a*  i  ■  ■-  ,  . n  ; 

motions  In  the  searcher.-,  mi  ti-v.-ci  s,  wi  •  5  u- 

lar  reference  t  >  the  s',  it.  is'  .  ,f  too  ;  *  n  *  r  a  1 
and  the  probability's  of  •  >-•  1  •'  •- ■>  i c  .  .  )•  ; 

specified  relat’ve  p  >  s  i  t  ;  1  '.'■■■••  ;•*-  :  •  ,  : 

behavior  of  the  ;  n  s  ‘  cm  ‘  ■  "  j.'*  i  •  <•  v  ,  ■■  ' 

S  O  n  :  r  ,  etc,'  w'l  e  •;  ■ "  '  .  •  " 
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the  target;  (3)  The  over-all  result — the  probability 
of  contact  under  general  stated  conditions,  along 
with  the  possibility  of  optimizing  the  results  by 
improving  the  method  of  directing  the  search. 


131.  Koopman,  B.  0.  The  theory  of  search,  II.  Target 
detection.  Operations  Research ,  1956,  4,  503. 

The  present  paper  discusses  the  inherent  uncertain¬ 
ties  in  the  act  of  detection  under  various  specific 
conditions  of  contact.  In  the  course  of  the  discus¬ 
sion,  a  body  of  methods  for  applying  probability  to 
problems  of  detection  is  developed.  It  must  be 
emphasized,  however,  that  these  methods  are  condi¬ 
tioned  by  the  particular  situation  in  the  case  of 
visual  detection  because  the  different  elementary 
acts  of  looking  or  "glimpses"  are  essentially  inde¬ 
pendent  trials. 


132.  Kornfeld,  G.  H.  and  Lawson,  W.  R.  Visual-perception 
models.  Journal  of  the  Optical  Society  of  America, 
1971,  61,  811. 

Several  theoretical  models  for  the  prediction  of 
liminal  contrast  are  studied.  One  model  that 
employs  the  known  excitation  and  inhibition  spread 
functions  of  the  eye  accurately  predicts,  at  10  mL, 
thresholds  for  circular  targets,  sine  waves,  and 
rectangles,  including  the  line  as  a  special  case. 
Semiempirical ly ,  this  model  is  extended  to  include 
thresholds  at  low  light  levels. 


133.  Kraft,  C.  L.  and  Anderson,  C.  D.  Prediction  of  target 
acquisition  performance  of  aerial  observers  and  pho¬ 
tointerpreters  with  and  without  stereoscopic  aids. 
Aerospace  Medical  Research  Laboratory,  AMRL- 
TR-73-36 ,  1973. 

Forty-eight  individuals  were  screened  for  their  vis¬ 
ual  acuity,  stereopsts,  phorias,  and  color  percep¬ 
tion.  After  brief  training,  their  target  acquisi¬ 
tion  performance  on  a  Sonne  SC-2  display,  of  1:3000 
scale  reconnaissance  imagery  in  near-real-time,  was 
measured.  The  effects  of  image  chromaticity  and 
display  stereoscopy  were  investigated.  Stereoscopic 
skill  in  the  Sonne  viewer  was  measured  with  achro¬ 
matic  and  chromatic  transparencies  of  regular  and 
irregular  terrain  versions  of  the  Critical  Limens 
Stereo  Test  (CLST),  displayed  statically  and  dynami¬ 
cally.  Sterooscopi c  performance  was  better  with  the 
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achromatic  tests  over  the  chromatic  tests,  irregular 
background  over  the  regular  background  tests,  and 
stationary  display  over  the  dynamic  display.  All 
main  effects  were  statistically  significant. 
Observer  performance  correlated  across  all  tests. 
Large  individual  differences  in  stereoscopic  skill 
with  chromatic  and  achromatic  imagery  were  found. 
Chromostereopsis  appeared  to  bo  a  factor  contribut¬ 
ing  to  these  differences  and  its  measurement  was 
necessary  in  maximizing  predictions  with  chromatic 
imagery.  Prediction  of  target  acquisition  perform¬ 
ance  on  moving  chromatic  strip  imagery  displayed 
stereoscopical ly  was  good  (r  =  0.81)  from  scores  on 
the  chromatic/  regular/dy namic  CLST.  Target  acqui¬ 
sition  performance  with  achromatic  imagery  had  a 
lower  correlation  with  imagery  displayed  nonstereo- 
scopically  or  stereoscopical ly  resulted  in  similar 
target  acquisition  performance.  The  small  differ¬ 
ence  in  favor  of  chromatic  imagery  viewed  stereo- 
scopically  was  not  statistically  different  from  the 
other  three  combinations  of  main  effects. 


Krendel,  E.  S.  and  Wodinsky,  J.  Search  in  an  unstruc¬ 
tured  visual  field.  Journal  of  the  Optical  Society 
of  America ,  1960,  50,  562-568. 

Search  in  an  unstructured  visual  field  is  an  inde¬ 
pendent  random  process  under  the  conditions 
described  in  this  paper.  The  basic  data  for  this 
report  are  5072  search  trials  for  each  of  four  prac¬ 
ticed  observers.  The  four  targets  were  circular  and 
intercepted  angles  of  4.5',  15',  24',  and  46'.  Four 
search  areas  which  measured  0.011,  0.084,  0.26,  and 
0.48  sterad,  and  four  values  of  background  luminance 
0.01,  0.1,  1.0,  and  12.4  ft-L  were  employed.  Four 
contrasts  were  used  for  each  of  the  IS  target  size 
and  background  luminance  conditions.  These  con¬ 
trasts  were  generally  at  Least  twice  the  95%  thresh¬ 
old  contrast.  The  data  for  the  four  subjects  were 
combined,  and  since  a  one-parameter  distribution  was 
an  adequate  description,  the  mean  time  to  detection 
has  been  tabulated  for  the  64  different  experimental 
conditions  to  summarize  these  findings. 


Kurke,  M.  I.  Optical  system  design  and  the  "empty 
field."  Human  Factors,  1959,  1^,  72-74. 

An  experiment  was  performed  to  explore  equipment 
design  parameters  for  overcoming  the  accommodation 
disturbances  in  untextur«*d  visual  fields  which  have 
been  observed  at  high  altitudes,  and  which  have  been 
rep  iuced  under  laboratory  conditions.  Under 


controlled  field  conditions,  however,  the  phenomenon 
could  not  be  elicited. 


Lamar,  E.  S.  Operational  background  and  physical  con¬ 
siderations  relative  to  visual  search  problems. 
Proceedings  of  Symposium.  Washington:  National 

Academy  of  Sciences/National  Research  Council  Publi¬ 
cation  712,  April  1959,  pp.  1-9. 

In  order  to  make  the  most  of  the  eyeball  as  a  search 
device,  it  is  necessary  to  consider  its  various 
attributes  in  the  operational  setting  in  which  it  is 
to  be  used.  This  I  shall  try  to  do  in  the  remainder 
of  my  talk  .  .  .  The  work  on  which  this  presenta¬ 
tion  is  based  was  done  for  the  Navy  in  what  is  now 
the  Operations  Evaluations  Group  (OEG)  in  the  Office 
of  the  Chief  of  Naval  Operations  ...  in  spite  of 
the  rapid  advances  in  electronics,  the  human  eye 
still  constitutes  an  important  instrument  for  pri¬ 
mary  search.  Electronic  equipments  using  visual 
displays  are  not  competitors  of  the  human  eye,  but 
aids  to  extend  its  range  beyond  that  set  by  physio¬ 
logical  limitations. 


Lamar,  E.  S. ,  Hecht,  S.,  Shlaer,  S.,  and  Hendley,  C. 
D.  Size,  shape,  and  contrast  in  detection  of  tar¬ 
gets  by  daylight,  I.  Data  and  analytical  descrip¬ 
tion.  Journal  of  the  Optical  Society  of  America, 
1947,  37,  531-545. 

The  influence  of  size  and  symmetry  has  been  studied 
on  the  contrast  required  for  the  recognition  of  rec¬ 
tangular  targets  against  background  brightness  of 
2950  and  17.5  f oot-Lamberts .  Targets  less  than  2 
minutes  in  diameter  require  the  addition  of  a  con¬ 
trast  total  light  flux  to  the  background.  Larger 
targets  require  less  contrast  but  more  total  flux  as 
the  area  increases,  until  beyond  200  square  minutes 
when  the  required  contrast  becomes  independent  of 
area.  For  areas  below  100  square  minutes,  square 
targets  are  most  efficient  for  their  area;  the 
greater  the  ratio  of  length  to  width  the  greater  the 
contrast  required.  All  the  measurements  can  be  uni¬ 
fied  on  the  supposition  that  the  visually  critical 
region  of  a  target  is  a  ribbon  just  inside  its  per¬ 
imeter  and  about  l  minute  wide.  Evidently,  contrast 
is  not  judged  over  the  area  of  the  target,  but 
across  the  boundary. 


138.  Lamar,  E.  S.  ,  Hecht,  S.,  Hendley,  C.  D. ,  and  Shlaer, 
S.  Size,  shape,  and  contrast  in  detection  of  tar¬ 
gets  by  daylight  vision,  II.  Frequency  of  seeing 
and  the  quantum  theory  of  cone  vision.  Journal  of 
the  Optical  Society  of  America ,  1948,  3_8,  74 1  -755 . 


Frequency-of-seeing  curves  have  been  obtained  for 
targets  having  various  image  perimeters  at  back¬ 
ground  brightnesses  of  2950  and  17.5  f oot-Lamberts , 
respectively.  A  description  of  the  data  has  been 
obtained  on  the  basis  of  the  assumption  that  the 
absorption  of  a  light  quantum  by  a  foveal  cone  is  a 
random  event  which  is  subject  to  the  laws  of  chance. 
On  this  basis,  the  data  indicate  that  the  detection 
of  a  target  takes  place  across  the  image  boundary; 
that  in  order  to  detect  the  target,  at  least  one  of 
the  cones  along  the  boundary  must  absorb  at  least  4 
quanta,  and  that  this  critical  number  of  quanta  is 
the  same  for  each  of  the  two  background  brightnesses 
investigated.  At  the  higher  brightnesses,  this 
critical  number  of  quanta  absorbed  from  the  target 
is  about  equal  to  the  random  fluctuation  to  be 
expected  in  the  number  absorbed  from  the  background 
during  the  critical  time  of  one  exposure. 


139.  Langmuir,  I.  and  Westendorp,  W.  F.  A  study  of  light 
signals  in  aviation  and  navigation.  Physics,  Novem¬ 
ber  1931,  1,  273-317. 

Visibility  of  Point  Sources :  Laboratory  experiments 
have  been  devised  to  make  the  visibility  of  light 
signals  under  conditions  essentially  similar  to 
those  encountered  by  the  aviator  or  navigator.  Data 
have  been  collected  on  the  direct  visibility  of 
flashing  point  sources  of  light  of  different  colors, 
flash  lengths  and  intervals,  against  different  back¬ 
grounds;  the  time  it  takes  to  locate  a  visible  bea¬ 
con  was  studied  as  a  function  of  the  beacon  inten¬ 
sity  and  the  frequency  of  flashing.  The  threshold 
candle  power  C  required  for  visibility  of  a  point 
source  at  distance  D  (cm)  against  a  background  of 
brightness  H  (candles  x  cm"2)  is  given  by  the  empir¬ 
ical  equation  C/D2  =  3.5  x  109  H&.U1/2  Colored 

point  sources  were  not  found  to  be  useful  except  in 
the  case  of  red  lights  with  background  intensities 
above  moonlight.  For  an  airplane  approaching  a  bea¬ 
con  it  is  advantageous  to  use  frequencies  of  flash¬ 
ing  lights  as  high  as  12  to  30  per  minute,  although 
with  exceptionally  clear  atmosphere,  lower  frequen¬ 
cies  may  be  better. 
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Visibility  of  Diffuse  Light:  In  a  study  of  the  vis- 
ibility  of  flashes  of  d if fuse  light  superimposed  on 
a  steady  white  background,  white  light  flashes  gave 
the  best  results.  The  sensitivity  of  light  from 
point  sources  is  from  10,000  to  170,000  times  as 
great  as  from  diffuse  sources,  this  range  corre¬ 
sponding  to  an  increase  in  background  brightness 
from  0.1  starlight  up  to  moonlight.  A  selective 
differential  photoelectric  receiver  is  described 
which  detects  signals  of  moderated  diffuse  light  of 
an  intensity  of  only  M  x  10“  candles  x  cm“  .  This 
sensitivity  is  independent  of  the  steady  background 
brightness  up  to  100  times  moonlight,  and  is  from  6 
to  13,000  times  as  great  as  that  of  the  range  of 
background  intensity  from  darkness  to  moonlight. 

Diffusion  of  Light  in  Fog:  The  greatest  difficulty 
in  transmission  of  light  signals  through  fog  lies  in 
the  loss  of  advantages  of  point  sources.  Dense  fog 
may  increase  the  distances  at  which  light  signals 
may  be  detected.  The  range  depends  to  a  considera¬ 
ble  extent  on  the  reflectivity  of  the  ground.  A 
theoretical  treatment  of  the  diffusion  of  light 
through  fog,  based  on  the  scattering  of  the  light 
rays  by  fog  particles,  indicates  that  airplanes  can 
be  guided  through  fog  at  distances  of  several  miles 
by  means  of  diffuse  modulated  light  acting  on  a  dif¬ 
ferential  photoelectric  receiver. 


LaPorte,  H.  R  and  Calhoun,  R.  L.  Clue  utilization  in 
target  recognition:  A  methodological  study.  Auto- 
netics,  Division  of  North  American  Rockwell,  Report 
No.  T6-2258/501,  September  1966. 

A  study  was  conducted  to  test  a  method  for  estab¬ 
lishing  and  analyzing  target/  background  clues  used 
in  target  recognition.  The  method  was  used  to 
determine  (1)  whether  the  clues  used  by  observers  in 
target  recognition  can  be  meaningfully  classified, 
(2)  whether  the  clue  categories  are  related  to  tar¬ 
get  recognition  performance,  and  (3)  whether  per¬ 
formance  is  related  to  target  codability.  Codabil- 
ity  was  defined  as  the  readiness  with  which  elements 
of  the  environment  can  be  stored  in  memory  and  ver¬ 
bally  described  by  the  observer.  While  viewing  mot¬ 
ion  pictures  of  flights  over  target  areas,  subjects 
attempted  to  identify  preselected  targets.  The  film 
was  stopped  periodically  and  subjects  were  asked  to 
designate  the  target,  to  indicate  their  confidence 
in  the  designation,  and  to  describe  the  most  impor¬ 
tant  clues  leading  to  the  designation.  Subjects' 
clue  descriptions  were  categorized  and  compared  with 
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their  recognition  performance  scores  to  determine 
whether  a  significant  relationship  existed  between 
clue  types  and  performance.  The  relationships  among 
confidence  level,  target  codability,  and  performance 
were  also  examined.  The  most  significant  finding  of 
the  study  was  that,  for  most  targets,  non-target 
clues  were  more  important  to  successful  target  rec¬ 
ognition  than  were  target  clues.  The  results  also 
confirmed  earlier  observations  that  observers  usu¬ 
ally  recognize  targets  correctly  before  their  confi¬ 
dence  in  their  judgments  reaches  a  maximum.  Target 
recognition  was  found  to  be  a  positive  function  of 
the  effectiveness  with  which  the  observer  can  encode 
the  visual  world,  i.e.,  target  codability  is  a  fac¬ 
tor  in  target  recognition  performance.  The  method 
was  found  to  be  useful  for  studying  the  perceptual  i 

and  cognitive  processes  of  observers  in  a  dynamic 
target  recognition  task.  Modifications  are  sug¬ 
gested  to  improve  the  usefulness  of  the  method. 

Further  research  problems  stemming  from  the  results 
of  the  present  study  are  proposed. 


Lauria,  S.  M.  and  Strauss,  M.  S.  Eye-movements  during 
search  for  coded  and  uncoded  targets.  Naval  Subma¬ 
rine  Research  Lab,  Groton,  CT,  Report  No.  787,  June 
1974.  ( AD-A002-713) 

Eye-movements  and  search  times  of  four  subjects  were 
studied  as  they  searched  for  a  target-dial  in  a  4  x 
4  array  of  dials  which  were  differentiated  either  by 
(1)  color,  (2)  shape,  (3)  a  combination  of  color  and 
shape,  or  (4)  were  uncoded.  Search  time  varied 
reliably  between  conditions;  it  was  generally  short¬ 
est  in  the  color  condition,  followed  by  color- 
shape,  shape,  and  the  uncoded  condition.  Subjects 
were  capable  of  using  shape  and  color  simultane¬ 
ously.  There  was  no  difference  in  ratios  of 
increase  of  search  time  for  color  and  shape  as  the 
target  was  situated  more  peripherally,  and  there  was 
evidence  that  shapes,  if  properly  chosen,  might  be 
as  effective  a  coding  device  as  color.  Search  time 
was  strongly  associated  with  the  average  number  of 
fixations  required  for  target  detection  but  not  with 
other  measures  of  eye-movements.  Subjects  did  not 
exhibit  a  reliable  or  characteristics  scanpath,  and 
methods  of  scanning  did  not  relate  to  search-time. 


LeCocq,  A.  D.  Impact  of  human  factors  on  an  airborne 
night  vision  system.  Paper  presented  at  the  Human 
Factors  Society  Fourteenth  Annual  Meeting,  San  Fran¬ 
cisco,  CA.  13-16  October  1970. 
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This  paper  describes  the  impact  of  human  factors  in 
an  airborne  night  vision  system.  The  overall  human 
factors  effort  included  design  support,  laboratory 
studies,  training,  and  operator  performance  measure¬ 
ments  during  system  flight  tests.  Before  completing 
the  first  system,  a  human  factors  tracking  simulator 
was  developed  and  used  in  a  tracking  study  to  obtain 
optimum  control-stick  loop  gain.  A  target  acuity 
simulator  was  also  developed  to  simulate  the  viewer 
imagery  and  chromaticity  in  order  to  obtain  measures 
of  the  operators'  minimum  perceptible  acuity.  Sta¬ 
tistically  significant  correlations  were  obtained 
between  laboratory  and  flight  performance  data; 
therefore,  the  human  factors  tracking  and  target 
acuity  simulators  are  predictors  of  operator  per¬ 
formance  and  can  be  used  for  screening  potential 
operators  as  well  as  for  training  in  the  laboratory 
to  reduce  training  costs.  The  impact  of  human  fac¬ 
tors  on  this  system  resulted  in  effective  and  effi¬ 
cient  operator  performance,  design  of  applied 
research  equipment,  and  a  body  of  data  on  operator 
perfo rmance . 


43.  Leibowitz,  H.  L.  Detection  of  peripheral  stimuli 
under  psychological  and  physiological  stress.  Vis- 
ual  Search,  Symposium  conducted  at  the  spring  meet¬ 
ing  1 570,  Committee  on  Vision,  Division  of  Beha¬ 
vioral  Sciences,  National  Research  Council,  National 
Academy  of  Sciences,  Washington,  D.  C. 

To  summarize  the  results  of  these  experiments,  it  is 
suggested  that  a  distinction  between  the  functional 
and  physiological  visual  fields  is  significant  in 
evaluating  the  performance  of  the  organism  in  any 
situation  involving  peripherally  presented  informa¬ 
tion.  A  large  number  of  conditions  that  do  not 
exist  in  the  normal  laboratory  environment  may 
diminish  the  ability  to  process  peripherally  pres¬ 
ented  information.  However,  this  diminution  can,  to 
some  extent,  be  eliminated  by  training.  The  gener¬ 
ality  of  these  relations  is,  of  course,  limited  to 
the  range  of  conditions  used  in  the  previously 
described  experiments.  Although  we  have  pushed  car¬ 
diovascular  stress  as  far  as  one  can  reasonably 
hope,  we  have  not  introduced  variables  such  as  per¬ 
ceptual-motor  load  or  emotional  stress  over  very 
wide  ranges.  Whether  it  is  possible  to  maintain 
peripheral  discrimination  in  an  extreme  degree  of 
various  kinds  of  stress,  or  combinations  thereof,  is 
a  question  that  can  only  be  answered  by  experiment. 
Certainly,  the  data  for  the  marathon  driving  exper- 
ments  suggest  that  peripheral  discrimination  is 
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impaired  in  severe  vigilance  tasks.  In  any  event, 
the  data  so  far  indicate  clearly  that  the  contrib¬ 
ution  of  the  peripheral  visual  field  is  variable  and 
must  be  considered  in  order  to  understand  the  func¬ 
tional  performance  of  the  visual  system. 


144.  Leibowitz,  H.  W. ,  Myers,  N.  A.,  and  Grant,  D.  A. 

Radial  localization  of  a  single  stimulus  as  a  func¬ 
tion  of  luminance  and  duration  of  exposure.  Journal 
of  the  Optical  Society  of  America ,  1955,  45,  76. 


Accuracy  of  localization  of  the  radial  position  of  a 
single  stimulus  was  determined  for  various  lumi¬ 
nance-exposure  duration  combinations.  Localization 
accuracy,  provided  the  stimulus  is  seen,  is  inde¬ 
pendent  of  luminance  and  duration,  but  varies  with 
the  radial  position  of  the  stimulus.  The  results 
are  discussed  in  terms  of  events  critical  to  the 
localization  accuracy  and  it  is  concluded  that  the 
magnitude  of  photochemical  events  in  the  end  organs 
does  not  limit  localization  accuracy  for  supralimi¬ 
nal  stimuli. 


145.  Levine,  S.  H.  and  Youngling,  E.  W.  Real-time  target 
acquisition  with  moving  and  stabilized  image  dis¬ 
plays.  Office  of  Naval  Research,  Target  Acquisition 
Symposium,  Naval  Training  Center,  Orlando,  FL,  14-16 
November  1972,  165-176. 

Current  high-per f ormance  aircraft  achieve  speeds 
which  exceed  man’s  ability  to  visually  acquire  a 
target  before  it  is  overflown.  We  are  faced  with 
the  problem  of  extending  man's  capability  to  match 
that  of  the  aircraft.  Electronic  sensors  such  as 
radar  and  TV  systems  offer  potential  solutions;  how¬ 
ever,  considerable  research  into  the  best  utiliza¬ 
tion  of  these  systems  is  still  required.  McDonnell 
Aircraft's  approach  to  this  research  has  been  to 
design  and  build  a  variable  configuration  display 
mockup  (VCDM)  in  which  actual  flight  images  can  be 
electro-optically  manipulated  to  measure  performance 
and  evaluate  system  improvements.  To  maintain  our 
operational  orientation,  stimulus  imagery  was  gener¬ 
ated  using  aerial  imagery  from  the  McDonnell  Douglas 
Reconnaissance  Laboratory  data  base,  containing 
strategic  and  tactical  targets. 


146.  Low,  F.  N.  Peripheral  visual  acuity.  Ophthalmologi- 
cal  Review,  1951,  45,  80-99. 
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Peripheral  visual  acuity  has  been  the  subject  of 
speculation  since  ancient  times  and  in  the  last  100 
years  has  been  measured  quantitatively  by  numerous 
investigators.  The  purpose  of  this  paper  is  to  sur¬ 
vey  the  present  status  of  knowledge  in  this  field. 
A  short  historical  sketch  is  followed  by  the  presen¬ 
tation  of  quantitative  data.  Consideration  is  given 
to  the  factors  known  to  affect  various  measurements 
and  to  the  probable  significance  of  each.  Periph¬ 
eral  visual  functions,  such  as  color  vision,  motion 
perception,  light  and  dark  adaptation  and  sensory 
studies,  are  omitted  except  when  they  have  definite 
bearing  on  acuity  problems.  The  measurements  and 
method  associated  with  the  study  of  central  acuity 
are  used  for  comparison. 


147.  Ludvigh,  E.  and  Miller,  J.  W.  Some  effects  of  train¬ 
ing  on  dynamic  visual  acuity.  U.S.  Naval  School  of 
Aviation  Medicine  Joint  Project  No. 

NM-001-075 .01 . 06 ,  September  1954. 

An  investigation  has  been  made  of  the  effects  of 
training  on  the  dynamic  visual  acuity  of  200  Naval 
Aviation  Cadets.  It  was  found  that  the  effect  of 
training  was  substantial  at  a  high  angular  velocity 
of  test  object,  regardless  of  whether  improvement  is 
expressed  in  absolute  or  percentage  terms.  At  110 
deg/sec  the  amount  of  improvement  in  dynamic  visual 
acuity  with  training,  the  "ultimate"  threshold,  and 
the  rate  of  improvement  were  all  found  to  vary 
greatly  among  individuals.  The  thresholds  of  the  20 
subjects  having  the  highest  thresholds  were  compared 
with  the  20  subjects  having  the  lowest  threshold 
values.  A  significant  difference  was  found  to  exist 
at  trial  one  and  similarly  at  all  trials  thereafter. 


148.  Ludvigh,  E.  and  Miller,  J.  W.  Study  of  visual  acuity 
during  the  ocular  pursuit  of  moving  test  objects,  I. 
Introduction.  Journal  of  the  Optical  Society  of 
America ,  1958,  48,  799. 

Visual  acuity  may  be  measured  during  the  voluntary 
ocular  pursuit  of  moving  tests  objects.  This  visual 
function  has  been  referred  to  as  dynamic  visual  acu¬ 
ity.  The  apparent  movement  of  the  test  object  is 
produced  by  rotating  a  mirror  in  the  desired  plane 
of  pursuit  by  means  of  a  wheel  and  disk  type  varia¬ 
ble  speed  drive.  The  range  of  angular  velocities 
utilized  is  10  degrees  per  sec  to  170  degrees  per 
sec  at  the  nodal  point  of  the  tested  eye.  It  is 
shown  that  visual  acuity  deteriorates  markedly  and 
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significantly  as  the  angular  velocity  of  the  test 
object  is  increased.  It  is  shown  further  that  the 
relationship  between  visual  acuity  and  the  angular 
velocity  of  the  test  object  may  be  described  satis¬ 
factorily  by  the  semiempirical  equation  Y  =  a  +  bx  . 
It  is  also  pointed  out  that  individuals  possessing 
similar  static  acuity  may  differ  significantly  in 
their  dynamic  acuity.  The  possible  causes  for  the 
observed  deter ioration  of  acuity  are  discussed  and 
it  is  concluded  the  imperfect  pursuit  movements  of 
the  eye  result  in  a  continued  motion  of  the  image  on 
the  retina.  This  motion  results  in  a  reduced  inten¬ 
sity  contrast,  which  is  a  factor  in  producing  loss 
in  acuity. 


149.  Luria,  S.  M. ,  Ferris,  S.  H. ,  McKay,  C.  L. ,  Kinney,  J. 

A.  S. ,  and  Paulson,  H.  M.  Vision  through  various 
scuba  facemasks.  Human  Factors ,  1974,  J_6,  395-405. 

The  visual  performance  using  five  commercially 
available  facemasks  was  compared.  Measurements  were 
made  of  visual  fields,  visual  acuity,  stereoacuity, 
hand-eye  coordination ,  accuracy  of  distance  esti¬ 
mates,  and  accuracy  of  size  estimates  at  both  near 
and  far  distances.  In  addition,  the  optical  proper¬ 
ties  of  the  masks  were  measured  and  the  susceptibil¬ 
ity  of  each  mask  to  fogging  was  tested.  Some  masks 
were  superior  for  one  purpose  and  inferior  for 
another  purpose.  For  example,  the  mask  which  had 
lenses  designed  to  compensate  for  the  optical  dis¬ 
tortions  found  under  water  improved  size  and  dis¬ 
tance  estimates  and  hand-eye  coordination,  but 
degraded  acuity  and  stereoacuity.  The  results  were 
not  explained  on  the  basis  of  differential  suscepti¬ 
bility  to  fogging. 


150,  Lyman,  B.  Visual  detection,  identification,  and 
localization:  An  annotated  bibliography.  Human 

Resources  Research  Office  Technical  Report  No.  68-2, 

1961. 

This  literature  survey  was  undertaken  to  explore 
information  on  the  nature  of  and  conditions  for 
effective  visual  perception  at  low  light  levels. 
From  the  survey,  407  reports  or  studies  were 
selected  for  inclusion  in  the  annotated  bibliogra¬ 
phy.  With  a  few  exceptions,  the  material  falls 
within  the  areas  of  detection,  identification,  and 
localization.  Many  laboratory  studies  are  included 
which  could  undergo  appropriate  modification  for 
repetition  in  natural  settings  at  low  light  levels. 
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In  each  annotation,  the  purpose  and  the  results  or 
conclusions  of  the  study  are  stated;  method  and  pro¬ 
cedure  are  indicated  only  briefly. 


Macchiaroli ,  C.  R.  A  review  of  the  literature  on  the 
theory  of  visual  target  detection  probabilities. 
Naval  Postgraduate  School,  Monterey,  CA,  Master's 
thesis,  September  1973.  (AD  769-745) 

Information  on  visual  target  detection  is  widely 
scattered  in  the  literature.  This  thesis  presents  a 
review  and  a  categorization  of  models  in  the  field 
of  visual  target  detection.  A  literature  research 
matrix  is  presented  to  aid  the  researcher  in  locat¬ 
ing  existing  models  which  meet  his  requirements. 


McCluskey,  M.  R. ,  Wright,  A.  D. ,  and  Frederickson ,  E. 
W.  Studies  of  training  ground  observers  to  estimate 
range  to  aerial  targets.  Human  Resources  Research 
Office  TR  68-5,  May  1961. 


This  report  describes  a  series  of  studies  dealing 
with  methods  for  training  observers  in  range  estima¬ 
tion  performance.  This  research  is  part  of  a  con¬ 
tinuing  effort  to  improve  individual  training  and 
performance  in  aerial  target  detection.  Six  experi¬ 
ments  were  conducted.  The  specific  purposes  of  the 
research  were  to  determine  the  effects  of  training 
on  performance,  identify  some  of  the  factors  that 
influence  range  estimation,  and  determine  the  effec¬ 
tiveness  of  miniaturizing  the  training  environment. 
Several  variations  of  range  estimation  training 
methods  were  used,  but  the  basis  for  all  techniques 
was  either  immediate  knowledge  of  results  after  mak¬ 
ing  an  estimation,  "paired  associate"  presentation 
of  aircraft  position  with  true  slant  range,  or  the 
use  of  an  occluding  object  as  a  range  estimation 
aid.  The  research  data  were  obtained  by  field  test¬ 
ing  at  Fort  Bliss,  Texas. 


McColgin,  F.  H.  Movement  thresholds  in  peripheral 
vision.  Journal  of  the  Optical  Society  of  America, 
1960,  50,  774. 

The  absolute  velocity  thresholds  of  movement  were 
determined  at  48  positions  in  peripheral  vision.  An 
aircraft-type  instrument,  with  a  standard  altimeter 
hand,  was  located  at  random  positions  on  the  con¬ 
cave,  black  surface  of  an  80  in  Fiberglass  hemi- 
sph  ere.  Four  types  of  movement  were  investigated 
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(clockwise  and  counter-clockwise  rotation,  vertical 
and  horizontal  motion)  under  conditions  of  constant 
pnotopic  lighting.  While  the  subject  fixated  on  the 
center  point  of  the  hemisphere,  the  absolute  veloc¬ 
ity  threshold  of  each  type  of  movement  was  deter¬ 
mined  for  each  position  using  the  method  of  limits. 
Ten  airline  pilots  served  as  subjects.  The  absolute 
threshold  isograms  on  perimetric  charts  for  both 
rotary  and  linear  motion  are  elliptical  in  shape, 
with  the  horizontal  axis  approximately  twice  as  long 
as  the  vertical  axis.  There  is  no  difference 
between  a  subject's  ability  to  see  clockwise  or 
counter-clockwise  rotation.  An  individual's  ability 
to  perceive  vertical  motion  is  slightly  better  than 
his  ability  to  perceive  horizontal  motion  near  the 
horizontal  axis.  Velocity  and  area  swept  by  the 
instrument  hand  are  significant  factors  in  the  per¬ 
ception  of  movement,  but  they  are  not  similarly  cor¬ 
related  for  all  types  of  movement. 


154.  McCormick,  E.  J.  Human  factors  in  engineering  and 
design .  New  York:  McGraw-Hill  Book  Company,  197£T~ 


155.  Mangulis,  V.  and  Graham,  W.  The  effectiveness  of  the 
see-and-a void  doctrine:  Safe  vertical  clearance 

from  clouds.  Federal  Aviation  Administration,  Final 
Report  No.  FAA-R D-7 1 -115 . 

The  collision  hazards  of  allowing  VFR  aircraft  to 
fly  in  the  proximity  of  clouds  are  evaluated  and 
compared  with  the  number  of  near-misses  or  colli¬ 
sions  expected  on  a  clear  day  due  to  human  failure 
to  see  and  avoid  other  aircraft.  Some  numerical 
results  are  presented  for  representative  air  traf¬ 
fic. 


156.  Matthews,  M.  L. .  Angus,  R.  G. ,  and  Pearce,  D.  G. 

Effectiveness  of  accommodative  aids  in  reducing 
empty  field  myopia  in  visual  search.  Human  Factors, 
1978,  20,  733. 

When  a  visual  detection  task  is  performed  with  dis¬ 
tant  targets  in  the  absence  of  adequate  accommoda¬ 
tive  cues,  a  performance  loss  is  obtained  which  has 
been  attributed  to  empty  field  myopia.  It  is  shown 
that  in  a  visual  search  situation,  an  accommodative 
aid  located  at  optical  infinity  improves  detection 
by  approximately  10%  over  empty  field  performance. 
It  is  further  demonstrated  that  such  an  aid  may 
overcome  the  conflicting  accommodative  cues  provided 
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by  proximal  contours  defining  the  search  area,  i.e., 
a  situation  that  is  analogous  to  the  detection  of 
distant  targets  by  observers  searching  through  air¬ 
craft  cabin  windows. 


157.  Middleton,  W.  E.  K.  Vision  through  the  atmosphere . 
Toronto:  University  of  Toronto  Press,  1952. 


158.  Miller,  J.  W.  Study  of  visual  acuity  during  the  ocu¬ 
lar  pursuit  of  moving  test  objects.  II.  Effects  of 
direction  of  movement,  relative  movement,  and  illu¬ 
mination.  Journal  of  the  Optical  Society  of  Amer¬ 
ica  ,  1958,  48,  803. 


It  was  demonstrated  that  the  manner  in  which  visual 
acuity  deteriorates  as  the  angular  velocity  of  the 
test  object  increases  is  similar  regardless  of 
whether  the  motion  is  produced  by  moving  the  target 
vertically,  horizontally,  or  by  rotating  the 
observer  in  a  horizontal  plane.  It  was  shown  also 
that  the  semiempir ieal  equation,  Y  =  a  +  bx  , 
describes  satisfactorily  these  three  types  of  move¬ 
ment.  It  was  pointed  out  that  individuals  having  a 
low  acuity  threshold  in  the  vertical  plane  of  move¬ 
ment  will  be  likely  also  to  have  a  low  threshold  in 
the  horizontal  plane.  It  was  shown  that  although  5 
to  10  footcandles  may  be  sufficient  illumination 
when  the  test  object  is  stationary,  visual  acuity  is 
substantially  benefited  by  increases  up  to  125  foot- 
candles  when  the  observer  is  rotated.  This  corrobo¬ 
rates  earlier  findings  repoted  by  Ludvigh. 


159.  Miller,  J.  W.  and  Hall,  R.  J.  The  problem  of  motion 
perception  and  orientation  in  the  Ganzfeld.  Visual 
Problems  of  the  Armed  Forces .  Ed.  by  M.  A.  Whit¬ 
comb.  Washington:  National  Academy  of  Sciences, 

National  Research  Council,  1962. 

It  may  be  said  that  although  the  eye  may  lack  a 
reliable  ocular  proprioceptive  mechanism,  as  sug¬ 
gested  by  some  workers,  the  individual  seems  to  pos¬ 
sess  a  surprisingly  accurate  spatial  orientation 
sense  in  the  absence  of  retinal  cues.  Subjects 
appear  to  be  able  to  detect  fairly  small  displace¬ 
ments,  and,  in  addition,  to  perceive  motion  directly 
in  the  Ganzfeld,  whether  it  be  illuminated  or  dark¬ 
ened.  Further  experimentation  is  being  planned  for 
the  purpose  of  determining  some  of  the  parameters 
utilized  by  the  subject  under  sv:'*h  conditions. 
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160.  Miller,  J.  W.  and  Ludvigh,  E.  An  analysis  of  certain 
factors  involved  in  the  learning  process  of  dynamic 
visual  acuity  for  1000  Naval  Aviation  Cadets.  US 
Naval  School  of  Aviation  Medicine,  Pensacola,  FL, 
Technical  Report,  April  1957. 

The  purpose  of  the  present  study  was  to  examine  cer¬ 
tain  aspects  of  the  learning  process  of  dynamic  vis¬ 
ual  acuity  for  a  group  of  1000  subjects.  The 

assumption  was  made  that  the  rate  of  reduction  of 
the  acuity  threshold  with  increasing  practice  is 
proportional  to  the  difference  between  the  present 
and  "ultimate"  threshold.  The  target  velocities 
employed  were  20  deg/sec  and  110  deg/sec  and  the 
illumination  used  was  40  footcandles.  Comparisons 
were  made  between  the  total  1000  subjects,  the  100 
best  and  the  100  poorest  terminal  performances. 


161.  Miller,  J.  W.  and  Ludvigh,  E.  Visual  detection  in  a 
uniformly  luminous  field.  Journal  of  Aviation  Medi¬ 
cine,  1958,  29,  603. 

A  new  technique  has  been  devised  whereby  subjects 
are  presented  with  a  totally  homogeneous  visual 
field  in  which  either  stationary  or  moving  targets 
may  be  employed.  Provision  has  been  made  to  move 
these  targets  over  a  wide  range  of  angular  veloci¬ 
ties.  Target  acquisition  time  has  been  investigated 
as  a  function  of  both  size  and  location  of  target. 
Early  results  indicate  that  observers  are  uncertain 
as  to  the  presence  or  absence  of  targets  even  though 
they  may  be  substantially  above  threshold  in  size. 
It  has  been  found  that  targets  exceeding  the  thresh¬ 
old  by  as  much  as  a  factor  of  10  to  15  times  can 
disappear  while  being  fixated  by  an  observer  in  a 
homogeneous  field.  We  believe  that  this  phenomenon 
cannot  be  accounted  for  by  fluctuations  in  the 
accommodative  mechanisms  of  the  eye,  and  that  other 
factors,  as  yet  unexplored,  must  be  involved. 


162.  Miller,  J.  W.  and  Ludvigh,  E.  J.  Time  required  for 
detection  of  stationary  and  moving  objects  as  a 
function  of  size  in  homogeneous  and  partially  struc¬ 
tured  visual  fields.  Joint  project  of  the  Kresge 
Eye  Institute,  Detroit,  MI,  under  Contract  No. 
NR-568(00) ,  Office  of  Naval  Research,  Project  Desig¬ 
nation  No.  NR-142-023;  and  U.S.  Naval  School  of  Avi¬ 
ation  Medicine,  Bureau  of  Medicine  and  Surgery,  Pro¬ 
ject  NM  17-01-99,  Subtask  2,  Report  No.  15.  Also  in 
NAS-NRC  Pub  1 .  712,  I960. 
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The  purpose  of  the  experiments  described  in  this 
paper  was  to  determine  the  time  nrrp.ssiry  for 
detecting  spherical  targets  of  various  sizes  in  hom¬ 
ogeneous  and  partially  structured  visual  fields.  It 
was  found  that  as  size  of  test  objects  increased  , 
the  likelihood  of  detecting  it  in  a  given  interval 
of  time  increased.  It  was  shown  that  although  the 
measured  acuity  threshold  was  3  minutes  of  an  arc,  a 
substantial  period  of  time  was  needed  (20  s)  to 
locate  test  objects  as  much  as  six  times  this  size. 
It  was  pointed  out  that  because  of  the  lack  of  posi¬ 
tion  sense  in  the  eye,  the  subject  has  no  way  of 
knowing  where  he  is  looking,  with  the  result  that 
search  is  carried  out  in  a  grossly  inefficient  man¬ 
ner.  It  was  also  shown  that  structuring  the  field 
to  the  extent  of  adding  two  vertical  black  lint's  did 
not  alter  the  acquisition  time  significantly.  The 
assumption  is  made  that  visual  search  is  carried  out 
in  such  a  manner  as  to  utilize  discrete  search  acts. 
There  is  thus  a  probability  that  the  test  object 
will  be  found  in  a  given  search  act,  and  if  the 
search  were  conducted  systematically,  the  target, 
could  be  found  simply  by  exhausting  the  regions  of 
the  field  one  by  one.  It  is  demonstrated,  however, 
that  an  hypothesis  incorporating  the  assumption  of  a 
systematic  search  does  not  satisfy  the  experimental 
data . 


163.  Miller,  J.  W.  and  l.udvigh,  E,  The  perception  of 
apparent  movement  in  the  Ganzfeld.  Journal  of  the 
Opt  ical  Society  of  America ,  1961,  5J_,  57.' 

The  apparent  persistence  of  seen  movement  in  a  homo¬ 
geneous  visual  field  (Ganzfeld)  is  described.  The 
task  required  that  the  subject  observe  the  movement 
of  a  single,  black,  spherical  stimulus  in  an  other¬ 
wise  empty  field  and  to  report  when  its  movement 
ceased.  The  time  interval  between  real,  and  apparent 
cessation  of  motion  was  defined  as  "time  delay." 
The  hypothesis  advanced  states  that  the  apparent 
speed  of  the  stimulus  in  the  Ganzfeld  is  dependent 
upon  the  square  of  its  real  velocity,  its  duration 
and  its  size.  This  may  be  expressed  as  t  -  r  ♦ 
( 1/av^)  where  t  =  time  delay,  r  =  reaction  time,  v  - 
velocity,  and  a  ~  the  constant,  of  inverse  propor¬ 
tionality.  The  data  are  discussed  in  terms  of  "con¬ 
stant.  velocity."  The  notion  here  is  that  a  stimulus 
traveling  at  high  speed  and  for  a  relatively  long 
duration  produe.es  a  more  definite  perception  of 
velocity  than  one  traveling  slowly  and  observed  for 
a  shorter  period  of  time.  Therefore,  when  the  for¬ 
mer  stimulus  suddenly  is  stopped  ,  the  resulting  con- 
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trast  of  velocity  is  great  and  the  response  to  it 
rapid,  whereas  when  the  latter  stimulus  similarly  is 
stopped,  the  resulting  contrast  of  velocity  is 
slight  and  its  perception  therefore  slower.  The 
data  were  shown  to  support  this  hypothesis. 


164.  Miller,  J.  W.  and  Ludvigh,  E.  The  effect  of  relative 
motion  on  visual  acuity.  Survey  of  Ophthalmology, 
1962,  7,  83-1  16.  " 

This  article  deals  with  the  effect  on  foveal  visual 
acuity  of  relative  motion  between  the  test  object 
and  the  observer.  Curiously  enough,  this  subject 
appears  to  have  been  investigated  first  only  in 
1947.  However,  a  special  case  of  visual  acuity  when 
the  object  is  moving,  namely,  the  size  threshold  or 
minimum  visible,  the  ability  to  perceive  the  mere 
presence  of  an  object  but  not  its  details,  was  dis¬ 
cussed  as  early  as  1937.  The  classical  method  of 
testing  visual  acuity  with  the  observer  and  the  test 
object  both  stationary  is,  of  course,  almost  ideal 
for  the  determination  of  refractive  errors,  but  the 
eyes  are  seldom  employed  under  those  circumstances. 
An  exception  is  the  remarkable  task  of  reading,  dur¬ 
ing  which  task  most  individuals  exhibit  fixation 
pauses  interspersed  with  saccadic  movements.  On  the 
other  hand,  the  eyes  are  frequently  employed  while 
the  individual  is  himself  walking,  riding  on  or  in 
some  vehicle,  or  viewing  a  moving  person  or  object. 
The  questions  which  arise  concerning  visual  acuity 
when  relative  motion  exists  between  the  eye  and  the 
test  object  are  numerous.  This  article  reviews  and 
interprets  the  experimental  results  obtained  in  an 
effort  to  answer  some  of  these  questions. 


16b.  Millhollon,  A.,  Lyons,  J.,  and  Graham,  W.  Air-to-air 
visual  detection  data.  I.  Summary  of  air-to-air 
visual  detection  data;  II.  Summary  of  visual  detec¬ 
tion  data;  III.  Summary  of  visual  detection  data 
taken  from  the  ATA/CAS  flight  tests.  Federal  Avia¬ 
tion  Administration  Interim  Report  FAA-RD-73-40, 
April  1973. 

Since  the  pilot  is  required  to  visually  detect 
potentially  hazardous  intruders  in  the  Pilot  Warning 
Instrument  (PWI)  concept,  the  question  of  pilot 
air-to-air  visual  detection  is  critical.  The  sig¬ 
nificant  conclusion  from  the  data  presented  in  this 
report  is  that  under  good  Visual  Flight  Rule  (VFR) 
conditions,  if  the  pilot  is  given  accurate  informa¬ 
tion  on  the  location  of  intruding  aircraft,  he  has  a 
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high  likelihood  of  seeing  the  intruder  in  sufficient 
time  to  take  any  required  evasive  action.  This 
report  presents  two  Control  Data  Corporation  (CDC) 
papers  summarizing  data  from  two  different  air-to- 
air  visual  detection  activities. 


166.  Mocharnuk,  J.  B.  Visual  target  acquisition  and  ocular 
scanning  performance.  Human  Factors ,  1978,  20,  611. 

The  present  research  investigated  the  effects  of 
information  and  physical  variables  on  visual  search 
performance  and  on  the  ocular  activity  associated 
with  that  performance.  Three  experiments  were  com¬ 
pleted  using  a  brief  exposure  technique.  The  manip¬ 
ulated  variables  included  memory  load,  exposure 
duration,  and  the  physical  grouping  of  information 
within  a  display.  Several  patterns  emerged  from  the 
data.  Stimulus  information  appeared  to  have  no 
effect  on  eye  movement  measures.  Instead,  the  phys¬ 
ical  restrictions  imposed  on  the  search  task  were 
responsible  for  changes  in  ocular  behavior.  How¬ 
ever,  there  was  a  substantial  effect  of  information 
on  total  search  performance.  The  per  item  search 
rate  increased  as  the  total  information  in  the  dis¬ 
play  increased.  This  information  effect  was  inter¬ 
preted  in  terms  of  a  variable  processing  rate 
hypothesis. 


167.  Monk,  T.  H.  Sequential  effects  in  visual  search. 
Acta  Psychologica ,  1974,  3£5,  315. 

Two  types  of  repetition  effect  were  demonstrated  in 
a  visual  search  situation.  A  target  dot  of  one  of 
four  possible  brightnesses  was  randomly  placed  in  a 
field  of  non-target  dots.  A  target  repetition 
effect  caused  search  time  to  be  significantly 
reduced  if  the  trial  had  a  target  dot  of  the  same 
brightness  as  was  used  in  the  immediately  preceding 
trial.  An  "edge  effect"  caused  targets  in  the  outer 
part  of  the  display  to  have  longer  search  times  than 
those  in  the  inner  part.  A  spatial  sequential 
effect  caused  targets  appearing  in  the  inner  part  to 
reduce  search  times  if  the  target  in  the  immediately 
preceding  trial  also  had  appeared  in  the  inner  part. 
Possible  implications  and  mechanisms  of  the  sequen¬ 
tial  effects  are  discussed. 


168. 


Monk,  T. 
search . 


H.  Target  uncertainty  in  applied  visual 
Human  Factors ,  1976,  lji,  607. 


207 


Target  uncertainty  was  studied  in  an  applied  typ  •  of 
task  with  non-alphanumer ic  material  and  no  fixed 
order  of  scanning.  Targets  varied  from  non-targets 
along  a  single  dimension.  Target  uncertainty  was 
found  to  produce  a  9.5%  increase  in  search  time  and 
did  not  interact  with  either  target  difficulty  or 
target  position. 


169*  Monk,  T.  H.  Sequential  expectancy  in  visual  search. 
Human  F actors ,  1  977,  J_9,  601. 

An  experiment  was  designed  to  determine  whether 
there  was  a  sequential  expectancy  effect  in  visual 
search  by  which  subjects  carried  over  an  expectation 
of  the  duration  of  the  search  from  one  trial  to  the 
next  and  produced  a  shorter  search  time  on  the  nth 
trial  if  the  n-1  trial  had  had  a  search  time  of  sim¬ 
ilar  magnitude.  Search  time  was  controlled  by  the 
surreptitious  insertion  of  lags  between  the  onset  of 
the  background  (i.e.,  start  of  the  search)  and  the 
actual  appearance  of  the  target.  Post-target  search 
time  (total  search  time  minus  lag)  was  then  used  as 
the  dependent  variable.  Three  lags  (0,  7.5,  and  15 
sec)  were  used  in  a  random  order.  Two  effects 
emerged.  Post-target  search  time  was  found  to  be 
reduced  if  the  previous  trial  had  used  the  same  lag 
as  the  present  trial,  and  post-target  search  time 
was  found  to  increase  with  lag.  Both  effects  were 
explained  by  the  construction  of  a  sequential 
expectancy  model. 


170.  Morris,  A.  and  Horne,  E.  P. ,  eds.  Visual  search  tech¬ 
niques  ,  Proceedings  of  a  Symposium  sponsored  by  the 
Armed  Forces-NRC  Committee  on  Vision,  April,  1959- 
Publication  712,  National  Academcy  of  Sciences-Na- 
tional  Research  Council,  Washington,  D.  C. 


171.  National  Transportation  Safety  Board.  Aircraft  acci¬ 
dent  report:  North  Central  Airlines,  Inc.,  Allison 

Convair  340/440  (CV-580),  N90858,  and  Air  Wisconsin, 
Inc.,  DHC-6,  N4043B  near  Appleton,  WI,  29  June  1972. 
National  Transportation  Safety  Board  Report  No. 
NTSB-AAR-73-9,  April  1973. 

A  North  Central  Airlines  Allison  Convair  340/440 
(CV-580)  and  an  Air  Wisconsin  DHC-6,  collided  over 
Lake  Winnebago  near  Appleton,  WI,  at  approximately 
1037  c.d.t.,  29  June  1972.  The  two  passengers  and 

three  crewmembers  aboard  the  CV-580  and  the  six  pas¬ 
sengers  and  two  crewmembers  aboard  the  DHC-6  were 
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fatally  injured.  Both  aircraft  were  destroyed  as  a 
result  of  the  in-flight  collision  and  the  subsequent 
water  impact.  Both  aircraft  were  proceeding  in 
accordance  with  visual  flight  rules  and  were  within 
minutes  of  landing  at  their  respective  destinations. 
Visual  meteorological  conditions  existed  at  the  time 
and  place  of  the  accident.  The  NTSB  determined  that 
the  probable  cause  of  this  accident  was  the  failure 
of  both  flight  crews  to  detect  visually  the  other 
aircraft  in  sufficient  time  to  initiate  evasive 
action.  The  Board  is  unable  to  determine  why  each 
crew  failed  to  see  and  avoid  the  other  aircraft; 
however,  the  Board  believes  that  the  ability  of  both 
crews  to  detect  the  other  aircraft  in  time  to  avoid 
a  collision  was  reduced  because  of  atmospheric  con¬ 
ditions  and  human  visual  limitations. 


172.  Neisser,  U.  Visual  search.  Scientific  American,  June 
1964,  210 ,  94. 


The  achievements  of  clipping  readers  suggest  that 
our  own  basic  finding  is  no  artifact:  the  speed  of 
a  search  is  independent  of  the  number  of  different 
targets  that  can  terminate  it  successfully.  This 
conclusion  applies  equally  to  the  simple  search  for 
particular  letters  and  to  the  more  difficult,  slower 
search  for  particular  kinds  of  words.  In  all  like¬ 
lihood,  it  applies  to  other  searches  also.  The  rate 
at  which  one  scans  a  crowd  for  a  familiar  face  prob¬ 
ably  does  not  depend  on  the  number  of  people  with 
whom  one  is  familiar.  In  a  simple  task  such  as  the 
search  for  any  one  of  10  letters,  these  results  are 
fully  compatible  with  the  concept  of  a  multilevel 
perceptual  system.  They  suggest,  moreover,  that  a 
number  of  operations  at  a  given  level  are  carried 
out  simultaneously.  We  do  not  yet  understand  the 
search  for  specific  classes  of  words  well  enough  to 
make  a  model  of  the  process  involved.  It  is  already 
clear,  however,  that  the  cognitive  operations 
involved  add  up  to  something  mo  re  than  simply  a 
search  for  component  letters  and  something  less  than 
a  full  appreciation  of  the  meaning  of  each  word 
encountered  . 


173.  Noton,  D.  and  Stark,  L.  Eye  movements  and  visual  per¬ 
ception.  Scientific  American ,  1971,  224 ,  35-43. 


Recordings  of  the  points  inspected  in  the  scanning 
of  a  picture  and  of  the  path  the  eyes  follow  in  the 
inspection  provide  clues  to  the  process  whereby  the 
brain  perceives  and  recognizes  objects. 
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174.  Overby,  L.  T.  The  application  of  adaptive  training 
techniques  to  visual  search.  Unpublished  Ph.D.  dis¬ 
sertation,  Virginia  Polytechnic  Institute  and  State 
University,  Blacksburg,  VA  ,  1973. 


175.  Overington,  Ian.  Modelling  of  random  human  visual 
search  performance  based  on  the  physical  properties 
of  the  eye.  Air-to-Ground  Target  Acquisition . 
AGARD  Conference  Proceedings  No.  100,  June  1972, 
Brussels,  Belgium. 

The  physical  properties  of  the  eye  lens  and  retina 
together  with  the  involuntary  eye  movements  (tremor 
and  drift)  are  considered  as  basic  factors  defining 
single  glimpse  detection  probability.  Coupling  of 
data  with  these  simple  probability  theories  of 
information  transmission  from  eye  to  brain  via 
neural  networks  allows  accurate  predictions  of 
several  sets  of  basic  laboratory  threshold  data. 
Introduction  of  the  concept  of  convolution  of  object 
profiles  with  the  spread  function  of  the  eye  lens 
allows  extension  of  such  single  glimpse  predictions 
to  unsharp  objects.  The  effects  of  atmospheric 
attenuation  and  range  dependency  of  subtended  size 
may  also  be  introduced  at  this  stage.  Using  this 
comprehensive  formula  for  single  glimpse  probability 
as  an  input,  a  cumulative  search  probability  model 
is  developed  for  random  search  which  takes  account 
of  search  field  of  view,  visual  lobe  effects,  and 
the  transition  from  single  glimpse  to  multiple 
glimpse  situation  at  any  part  of  the  field  of  view. 


176.  Parkes,  M.  R.  Visual  and  televisual  detection  stud¬ 
ies.  I.  The  effect  of  navigational  uncertainty  and 
target  difficulty  on  detection  performance.  Depart¬ 
ment  of  Ergonomics  and  Cybernetics,  Loughborough 
University  of  Technology  Technical  Report,  April 
1967. 

A  static  simulation  technique  was  used  in  this  tar¬ 
get  detection  experiment  to  investigate  the  effect 
of  navigational  uncertainty,  range  to  target,  and 
target  difficulty  on  four  measures  of  performance . 
These  were  detection  probability,  search  time,  con¬ 
fidence  level  of  decision,  and  map-briefing  time. 
The  experiment  was  based  on  a  7x7  (targets  x  con¬ 
ditions)  Latin  Square  design.  Seven  skilled  pilots 
and  navigators,  and  21  students  of  comparable  abil¬ 
ity,  as  assessed  by  intelligence  and  personality 
test,  acted  as  subjects.  The  results  showed  that 
the  performance  measures  considered  were  not 
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affected  by  navigational  uncertainty.  For  the 
unskilled  subjects  detection  probability  and  search 
time  were  significantly  related  to  range.  As  range 
increased  from  one  to  four  miles,  detection  proba¬ 
bility  increased  linearly  and  search  time  increased 
linearly.  There  were  significant  differences 
between  targets  for  each  measure  of  performance. 
When  the  targets  were  ranked  according  to  each  of 
these  measures,  significant  associations  were  found 
between  the  rankings.  Targets  which  had  high  detec¬ 
tion  probabilities  tended  to  have  short  search  times 
and  high  confidence  levels  associated  with  them. 
Conversely,  targets  which  had  low  detection  proba¬ 
bilities  tended  to  be  those  associated  with  long 
search  time  and  low  confidence  levels.  The  perform¬ 
ance  of  skilled  subjects  was  very  similar  to  that  of 
the  unskilled  subjects,  but  the  former  took  signifi¬ 
cantly  less  time  in  map-briefing  and  in  searching 
for  the  targets.  In  the  discussion  sections,  the 
general  suitability  of  the  experimental  technique  is 
assessed  and  the  results  considered  in  relation  to 
further  work  at  present  in  progress. 


Parkes,  K.  R.  The  effect  of  limited  search  time  on 
target  detection  performance.  Department  of  Ergo¬ 
nomics  and  Cybernetics,  Loughborough  University  of 
Technology  Technical  Report,  March  1969. 

This  report  describes  the  fifth  in  a  series  of  expe¬ 
riments  intended  to  investigate  performance  at  a 
statistically  simulated  target  detection  task.  The 
main  aim  of  this  experiment  was  to  obtain  detection 
performance  data  under  paced  conditions  in  which 
search  time,  i.e.,  the  time  the  subject  was  allowed 
to  view  the  photographic  display,  was  limited  to  (a) 
10  seconds,  and  (b)  6  seconds.  Twenty-one  unskilled 
subjects  were  assigned  to  each  of  these  conditions, 
in  a  replicated  Latin  Square  experimental  design. 
In  a  subsidiary  experiment,  a  limited  amount  of  data 
was  obtained  relating  to  search  times  of  1  second 
and  2.5  seconds,  seven  subjects  being  assigned  to 
each  of  these  conditions.  The  data  obtained  under 
these  paced  conditions  were  compared  with  those 
obtained  previously  under  unpaced  conditions,  in 
which  subjects  were  allowed  to  decide  for  themselves 
when  to  respond.  The  recorded  search  times  ranged 
from  1.2-55.6  seconds.  The  main  results  obtained 
from  the  analysis  of  these  data  were:  (1)  Overall 

detection  probability  decreased  consistently  as 
search  time  was  reduced;  the  highest  value  was  that 
obtained  under  unpaced  conditions,  more  marked  far 
the  small  targets  than  for  the  large  targets;  (2) 
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the  overall  detection  probabilities  achieved  in  each 
of  the  paced  search  times  were  higher  than  the  cumu¬ 
lated  probabilities  achieved  in  the  corresponding 
times  under  unpaced  conditions;  (3)  Both  detection 
probability  and  mean  confidence  level  were  signifi¬ 
cantly  related  to  range  (1-4  miles),  but  in  each 
case  there  was  no  significant  interaction  between 
range  and  search  time. 


178.  The  Perception  and  Application  of  Flashing  Lights.  An 
International  Symposium  held  at  Imperial  College. 
London:  Adam  Hilger,  Ltd.,  1971. 


179.  Petersen,  H.  E.  and  Dugas,  D.  J.  The  relative  impor¬ 
tance  of  contrast  and  motion  in  visual  target  detec¬ 
tion.  RAND  Corporation  Report  No.  R-688-PR,  March 
1971.  (AD-722-407) 

This  study  investigates  a  fundamental  question  con¬ 
cerning  the  visual  process--  the  relative  importance 
of  contrast  and  motion  in  the  detection  of  moving 
targets--that  arose  during  a  previous  experiment  by 
the  authors  in  visual  detection  of  moving  targets. 
The  results  of  this  study  may  be  used  for  further 
modification  of  an  exponential  detection  model 
developed  by  H.  H.  Bailey  of  the  RAND  Corporation, 
allowing  it  to  be  applied  to  targets  having  variable 
speed  and  contrast.  It  will  have  military  applica¬ 
tion  in  problems  of  camouflage,  reconnaissance,  and 
remote  displays,  with  particular  relevance  to  prob¬ 
lems  of  airborne  search  for  both  low-flying  aircraft 
and  moving  surface  vehicles. 


180.  Post,  R.  B.,  Owens,  R.  L.,  Owens,  D.  A.,  and  Leibow- 
itz,  H.  W.  Correction  of  empty-field  myopia  on  the 
basis  of  the  dark-focus  of  accommodation.  Journal 
of  the  Optical  Soc  iety  of  America ,  1979,  69,,  759'. 

The  influence  of  negative  spherical  corrections  on 
the  detection  of  small  increment  flash  presented  in 
a  uniform  field  or  Ganzfeld  were  determined.  The 
range  investigated  included  each  observer's  normal 
correction  as  well  as  values  based  on  the  focus 
assumed  by  each  observer  in  total  darkness  (dark-fo¬ 
cus  of  accommodation) .  A  correction  equivalent  to 
the  dark-focus  resulted  in  maximum  sensitivity.  The 
results  suggest  a  convenient  technique  for  the 
determination  of  optimal  correction  for  empty-field 
viewing  conditions. 
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181.  Powell,  E.  Smoking  and  its  effects  upon  visual 
accommodation.  Research  Quarterly,  1938,  9,  30-36. 

The  apparatus  in  this  series  of  studies  consisted 
essentially  of  a  means  of  recording  the  instant  of 
recognition  of  a  near  letter  and  a  far  letter  in 
alternation,  changing  the  letter  after  each  recogni¬ 
tion,  and  recording  the  time  cumulatively  over  a 
sequence  of  near-far  and  far-near  transits  of  accom¬ 
modation.  The  subjects  were  either  confirmed 
smokers  or  those  who  smoked  very  occasionally.  With 
regard  to  recognition  of  the  near  letter,  which 
might  involve  ciliary  tetanus,  it  was  found  that 
smoking  had  a  depressor  effect--the  speed  was 
decreased  rather  than  increased  as  with  the  far  let¬ 
ter.  It  seems  reasonable  to  explain  the  relatively 
slower  speed  of  near  recognition  time  after  smoking 
on  the  grounds  that  smoking  increases  the  unsteadi¬ 
ness  of  the  highly  tetanized  ciliary  muscle.  The 
speed  of  near-far  accommodation  was  increased  by 
smoking  in  spite  of  delayed  recognition.  From  the 
whole  series  of  experiments  it  can  be  concluded  that 
smoking  first  stimulates  and  then  depresses  the 
function  of  visual  accommodation,  and  that  the 
effects  of  rest  and  smoking  upon  visual  acuity, 
accommodations,  recognition  time,  and  enunciation 
time  can  be  readily  and  objectively  measured. 


182.  Prescott,  R.  Visual  aids  in  acquisition.  Ballistic 

Systems  Division,  Air  Force  Systems  Command,  Norton 
AFB ,  CA.  Report  No.  BSD-T R-66-252 . 

The  problem  of  visual  aids  in  acquisition  is  exam¬ 
ined  in  some  detail.  The  capabilities  of  the  naked 
eye  aided  by  monoculars  or  by  image  intensifiers  are 
examined.  It  is  proposed  that  a  20  deg  field-of- 
view  image  converter  instrument  be  fabricated  based 
on  a  design  developed  in  this  study  and  that  a  sec¬ 
ond  instrument  be  built  with  a  field-of-v iew  deter¬ 
mined  by  our  experience  with  preacquisition  pointing 
aids  in  TRAP-6.  A  possible  design  for  a  5  deg 
f ield-of-v iew  is  proposed.  It  is  also  proposed  that 
an  acquisition  simulator  be  built  for  training  and 
for  the  evaluation  of  instrumentation  being  devel¬ 
oped  . 

183.  Radio  Corporation  of  America,  Burlington,  MA.  Target 

detection  and  recognition  study,  final  report.  U.S. 
Naval  Ordnance  Labor ator ies ,  Corona,  CA,  Report  No. 
CF-^88-90,  September,  1962. 
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The  experiment  described  herein  has  determined  the 
quantitative  effects  on  the  ability  to  localize  a 
terrain  sector  with  respect  to  a  photograph  of  a 
larger  terrain  area  of  (1)  television  line  coverage 
of  the  given  sectors,  (2)  signal-to-noise  ratios  of 
the  image,  (3)  use  of  spot  wobble  scanning,  and  (4) 
level  of  complexity  or  "information  density"  of  the 
actual  terrain  under  consideration.  The  results 
have  shown  that  the  time  to  localize  a  sector  is 
essentially  constant  when  sectors  of  approximately 
0.6  to  1.0  mile  on  a  side  art1  scanned  by  1000-  to 
250-lines  per  frame.  Performance  was  significantly 
poorer  when  the  same  sectors  were  scanned  only  by 
125  lines.  Video  noise  degrades  performance  system¬ 
atically  at  al L  line  coverages.  Localization  is 
performed  least  easily  when  the  signal-to-noise 
ratio  is  18  db,  and  improves  consistently  as  the 
ratio  increases  from  15  to  19  to  27  db.  Performance 
with  images  derived  from  a  spot-wobble  scan  mode  was 
not  significantly  different  from  performance  with 
images  derived  from  linear  scanning.  Terrain  sector 
localization  was  faster  and  more  accurate  when  the 
information  density  of  the  actual  terrain  was  sparse 
rather  than  moderately  or  highly  complex.  No  sig¬ 
nificant  interactions  were  found  among  the  experi¬ 
mental  variables.  It  is  concluded  that  the  terrain 
localization  task  involved  in  navigational  correc¬ 
tion  control  can  be  performed  as  well  with  a 
250-line  television  system  at  increased  noise  levels 
as  one  giving  more  refined  definition. 


Randall,  H.  G.,  Brown,  D.  J.,  and  Sloan,  L.  L. 
Peripheral  visual  acuity.  Archives  of  Ophthalmol  - 
ogy,  1966,  75,  500. 


Randle,  R.  J.  Volitional  control  of  visual  accommoda¬ 
tion.  Advisory  Group  for  Aerospace  Research  and 
Development.  Paper  #2157  reprinted  from  Conference 
Proceedings  No.  82  on  Adaptation  and  Acclimatization 
in  Aerospace  Medicine. 

Whether  or  not  humans  can  exercise  voluntary  control 
over  their  state  of  accommodation  has  been  a  matter 
of  conjecture  and  a  research  topic  that  has  received 
only  cursory  attention.  The  present  study  reports 
on  an  attempt  to  show  that  volitional  control  is 
possible  in  most  individuals  when  feedback  is  pro¬ 
vided  which  indicates  to  the  subject  his  present 
accommodation  level.  The  feedback  was  provided  by 
modulating  an  audiooscillator  with  the  output  of  a 
servo-controlled,  infrared  optometer  which  continu- 
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ously  monitored  the  refractive  state  of  the 
subject's  eye.  The  subject  thus  heard  a  tone  that 
varied  in  frequency  as  a  function  of  his  refractive 
state.  Six  young,  male  college  students  with  normal 
vision  were  "trained"  to  control  their  accommodation 
first  using  the  tone  and  then  without  it.  A  spe¬ 
cific  task  they  learned  was  to  accommodate  toward  0 
diopters  (optical  infinity)  when  a  3  diopter  check¬ 
erboard  was  extinguished  and  they  viewed  a  dark, 
empty  field.  The  performance  of  the  trained  sub¬ 
jects  was  compared  to  that  of  six  untrained  subjects 
on  2  dark  empty  field  test  tasks.  The  tasks  were: 
(1)  to  maintain  infinity  focus  while  viewing  a  dark 
empty  field  for  3  minutes,  and  (2)  to  go  to  infinity 
focus  from  a  3-diopter  target  when  it  was  extin¬ 
guished  and  a  dark  empty  field  ensued  3  times  during 
a  3  minute  period.  A  statistical  analysis  of  the 
results  showed  that  the  trained  group  made  signifi¬ 
cant  reduction  in  their  dark  field  myopia  under 
these  conditions,  but  the  untrained  subjects  did 
not . 


186.  Reading,  V.  M.  The  effect  of  target  movement  on  vis¬ 
ual  search.  NATO  Symposium  on  Image  Evaluation, 
1969.  .  . .  "  '  . . . 


187.  Reilly,  R.  E.  and  Teiehner,  W.  H.  Effects  of  shape 
and  degree  of  structure  of  the  visual  field  on  tar¬ 
get  detection  and  location.  Journal  of  the  Optical 
Society  of  America ,  1962,  52 . 

The  effects  of  the  degree  of  structuring  and  the 
form  of  the  visual  field  on  target  detection  and 
target  location  were  investigated  for  three  differ¬ 
ent  search  times.  Thirty  undergraduate  subjects 
searched  for  low  visibility  targets  on  a  screen  and 
recorded  the  target  locations  on  prepared  data 
sheets.  The  results  suggest  that  both  target  detec¬ 
tion  and  location  are  related  in  a  nonmonotonic 
fashion  to  the  degree  of  structure  and  to  the  form 
of  the  field.  The  structuring  continuum  was  defined 
as  the  division  of  the  search  area  into  two  or  more 
partitions  of  equal  area.  Optima  for  both  measures 
occurred  at  the  low  end  of  the  continuum.  Of  the 
two  forms  investigated,  performance  with  square5 
fields  was  generally  superior  to  that  for  circular 
fields.  In  answer  to  a  questionnaire  after  the 
experiment,  a  majority  of  the  subjects  reported  a 
preference  for  searching  the  square  fields.  Both 
target  detection  and  target  location  varied  directly 
with  the  search  times.  However,  the  functions 
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tended  to  increase  rapidly  at  first  and  then  level 
off  at  the  longer  search  time. 


188.  Robinson,  J.  E. ,  Cook,  K.  G. ,  and  Zeleny,  C.  E.  Pilot 
judgments  of  simulated  collisions  and  near  misses: 
A  comparison  of  performance  with  uncoded  and  two- 
tone  coded  models.  Journal  of  Applied  Psychology, 
1961 ,  45,  359.  ‘ 

An  F-100  flight  simulator  and  an  F  —  1 5 1  aerial  gun¬ 
nery  trainer  with  a  black-and-white,  closed  circuit 
television  system  were  used  to  present  standardized 
visual  flight  problems  involving  a  variety  of  rela¬ 
tive  course  situations  and  altitude  changes,  result¬ 
ing  sometimes  in  "collisions"  and  sometimes  in  one 
of  a  variety  of  "near-collisions."  Six  experienced 
pilots  completed  a  total  of  144  training  and  prac¬ 
tice  problems  and  288  test  problems.  Objective 
records  taken  during  each  problem  permitted  quanti¬ 
tative  measurement  of  the  accuracy  and  speed  with 
which  the  pilots  were  able  to  identify  the  outcome 
as  "collision"  or  "miss."  Four  target  images,  ail 
generated  from  miniature  B-47  models,  were  presented 
in  counterbalanced  test  session  order  and  in  random 
sequences  ->f  problems.  One  model  was  painted  all 
white,  the  other  three  were  treated  with  dark  and 
light  paint  to  identify  pairs  of  the  cardinal 
aspects  of  any  aircraft:  top  versus  bottom,  front 

versus  back,  and  left  versus  right.  The  objective 
of  the  investigation  was  to  determine  whether  or  not 
these  visual  codings  would  improve  the  pilot's  abil¬ 
ity  to  judge  the  outcomes  of  the  simulated  flight 
situations.  Statistical  analysis  was  accomplished 
in  terms  of  descriptive  values  for  accuracy  and 
speed,  and  of  inferences  drawn  from  analysis  of  var¬ 
iance.  No  statistically  significant  differences 
relevant  to  the  objectives  of  the  study  were 
obtained  between  the  two-tone  coded  models  and  the 
all-white  uncoded  model.  The  investigators  believe 
that  it  is  appropriate  to  conclude  that  visual  cod¬ 
ing  of  the  type  studied  is  not  of  significant  aid  to 
a  pilot  in  visually  determining  the  existence  of  a 
collision  threat  or  a  safe  passage;  and,  that  pilots 
rely  on  perception  of  relative  motion  more  than  any 
other  factor  in  judging  the  probability  of  colliding 
with  another  aircraft. 


189.  Rowland,  G.  E.  and  Silver,  C.  A.  Aircraft  exterior 
lighting  and  marking.  Federal  Aviation  Administ-n- 
tion  Report  No.  F AA-R D-72-24 ,  May  1972. 
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This  study  investigates  the  contemporary  state  of 
human  factors  knowledge  concerning  exterior  lighting 
and  marking.  Efforts  to  increase  conspicuity  or 
impart  information  through  resort  to  exterior  mark¬ 
ing  or  painting  are  now  and,  in  the  absence  of  an 
unforeseen  technological  breakthrough,  will  probably 
continue  to  be  essentially  useless.  A  simple 
white-on-top ,  black-on-bottom  paint  scheme,  which 
leaves  about  one-fourth  of  a  metal  aircraft  bright 
aluminum  to  cause  specular  reflection  of  sunshine, 
is  recommended  as  the  most  likely  overall  compromise 
paint  design.  An  attempt  to  define  standardized 
exterior  lighting  system  failed  because  sufficient 
hard  data  does  not  exist  to  compare  system  compo¬ 
nents.  Large-scale  field  research  to  compare  all 
components  of  all  major  systems  is  urgently 
required.  This  research  would  compare  red  versus 
white  beacons,  beacons  plus  running  lights  versus 
either  alone,  and  all  other  major  combinations. 
Research  is  outlined  for  study  of  backscatter  and 
daylight  lighting.  In  addition,  eight  experiments 
are  described  which  would  investigate  innovative  new 
ideas  in  coding  concepts  which  may  have  applicabil¬ 
ity.  Collectively,  the  research  program  outlines  a 
very  advanced,  very  large-scale  exterior  lighting 
research  program  for  the  FAA  to  conduct  at  NAFEC. 
It  is  concluded  that  a  contemporary  standard  light¬ 
ing  system  is  feasible  at  present  and  should  be 
adopted  on  the  basis  of  a  massive  field  trial.  At 
the  same  time,  an  imaginative  exploratory  research 
program  is  urgently  needed. 


190.  Ryan,  L.  C. ,  Gerathewohl ,  S.  J.,  Mohler,  S.  R.  and 
Booze,  C.  F.  To  see  or  not  to  see:  Visual  acuity 
of  pilots  involved  in  midair  collisions.  Federal 
Aviation  Administration,  0AM  Report  FAA-AM-75-5, 
1975. 

The  medical  records  of  airmen  involved  in  midair 
collisions  from  1970  through  1973  were  reviewed  and 
compared  with  two  other  groups  of  pilots:  (1) 

pilots  involved  in  other  types  of  accidents,  and  (2) 
pilots  without  any  accident  records.  There  is  noth¬ 
ing  in  the  results  to  indicate  that  the  pilots  with 
visual  corrections  are  a  greater  risk. 


191.  Savage,  R.  Field  independence  and  field  dependence; 

A  review  of  the  literature.  Virginia  Polytechnic 
Institute  and  State  University,  Unpublished  paper, 
1978. 
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FI-FD  could  be  related  to  a  particular  type  of 
training  which  could  be  useful  information  for  any 
training  program  involving  pursuit  tracking  such  as 
piloting  and  driving.  Therefore,  the  perceptual 
style  of  FI-FD  could  be  useful  for  prediction, 
selection,  and  training. 


192.  Schiffler,  R.  J.  Eye  movement  technique  to  measure 
visual  search  behavior.  Society  for  Information 
Display,  7th  National  Symposium  on  ThTormation  Dis- 
play,  Technical  Session  Proceedings,  Boston,  MA, 
October  1966. 

One  of  the  missions  of  the  Display  Techniques  Branch 
at  Rome  Air  Development  Center  is  to  identify  varia¬ 
bles  which  influence  visual  search  behavior,  inves¬ 
tigate  their  interactions,  and  specify  standards 
which  should  be  used  in  designing  and  evaluating 
large  scale  display  systems.  In  the  Information 
Techniques  Section  of  the  Display  Techniques  Branch, 
this  research  has  been  two-pronged.  First,  "in- 
house"  and  contractual  efforts  primarily  in  the  area 
of  psychophysical  studies  (color  specifications, 
coding,  TV  resolution)  and,  secondly,  display  crite¬ 
rion  development.  This  latter  has  as  its  purpose 
the  development  of  a  metric  to  evaluate  the  informa¬ 
tion  transfer  potentially  of  large  scale  display 
designs.  In  the  area  of  visual  search,  the  Informa¬ 
tion  Techniques  Section  has  recently  turned  its 
attention  to  the  development  of  an  eye  movement 
device  which  would  aid  in  evaluating  the  influences 
of  various  display  parameters  and  be  an  additional 
diagnostic  tool  in  the  criterion  development  field. 
This  paper  presents  the  approach  used  in  developing 
this  device  and  a  more  detailed  explanation  of  pos¬ 
sible  uses  of  the  apparatus. 


193*  Self,  H.  C.  Performance  measures,  observer  selection, 
and  reconnaissance/strike  systems  effectiveness. 
Target  Acquisition  Symposium ,  Office  of  Naval 
Research,  Naval  Training  Center,  Orlando,  FL,  14-16 
November  1972. 

Various  measures  of  observer  performance  at  the  i,ask 
of  finding  and  recognizing  targets  are  discussed, 
along  with  considerations  of  the  type  of  behavior 
required  to  do  well  on  each  measure.  It  is  shown 
that  to  do  well  by  different  criteria  requires  dif¬ 
ferent  observer  behavior.  Experimental  data  are 
given  which  compare  observers  on  different  perform¬ 
ance  measures  to  illustrate  the  problem  of  selecting 
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the  most  proficient  observers.  Conclusions  are 
drawn  about  observer  selection  and  its  impact  upon 
reconnaissance/strike  systems  effectiveness. 


194.  Senders,  J.  W.  Visual  scanning  behavior.  Visual 
Search ,  Symposium  conducted  at  the  Spring  Meeting, 
1970,  Committee  on  Vision,  National  Research  Coun¬ 
cil,  National  Academy  of  Sciences.  Washington: 
1973. 

A  program  involving  extensive  instrumentation  of  a 
simulator  and  of  the  pilots  who  operate  it  was 
undertaken  and  completed.  The  investigation  has 
involved  the  recording  and  subsequent  transformation 
of  many  varieties  of  data  relating  to  both  system 
and  human  performance.  The  basic  goals  were  the 
testing  of  models  and  the  examination  of  the  ways  in 
which  human  operators  and  systems  dynamics  interact 
in  a  more  or  less  deterministic  way.  Validation  in 
the  simulator  is  limited  to  two  different  models  of 
where  people  look  and  why  they  look  there  when  fly¬ 
ing  an  aircraft  through  a  variety  of  routine  maneu¬ 
vers.  One  of  these  models  is  basically  a  sampling 
theorem  application;  the  other  is  an  extension  of 
cyclic  queue  with  the  addition  of  certain  cost  fac¬ 
tors  guiding  the  sampling  behavior.  The  results 
indicate  that  the  statistical  predictors  are  weaker 
than  the  queueing  model,  which  depends  heavily  on 
individual  pilot's  estimates  of  the  cost  of  making 
certain  control  activities  and  the  cost  of  exceeding 
certain  limits. 


195.  Short,  E.  A.  U.S.  Naval  Postgradute  School,  Monterey, 
CA,  Master's  Thesis,  1961. 

When  two  aircraft  are  physically  oriented  so  that 
continuation  on  their  individual  flight  plans  will 
result  in  collision,  the  final  decision  of  the 
pilots  to  take  avoiding  action  is  most  often  based 
upon  visual  detection  of  the  other  aircraft.  Con¬ 
siderable  laboratory  experimentation  has  been  con¬ 
ducted  and  reported  on  the  various  aspects  of  visual 
detection,  as  has  much  been  written  about  the  gen¬ 
eral  theory  of  computing  visual  detection  probabili¬ 
ties.  This  thesis  is  concerned  with  correlation  of 
a  portion  of  these  laboratory  results  with  detection 
theory  into  an  analytical  model  for  the  computation 
of  range  at  which  an  aircraft  will  be  detected  with 
a  given  probability  for  a  stated  set  of  meteorologi¬ 
cal  conditions.  The  theoretical  model  is  first 
developed  for  the  case  of  a  lookout  or  observer  rid- 
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ing  in  the  aircraft  with  no  other  duties  to  perform 
than  visual  searching.  Consideration  is  then  given 
to  the  case  of  the  pilot  who  must  distribute  nis 
available  time  between  visual  searching  and  in-cock¬ 
pit  operation  of  his  aircraft. 


196.  Silverthorn,  D.  G.  The  "K"  factor  in  air-to-ground 
acquisition  modeling.  Air-to-Ground  Target  Acquisi¬ 
tion.,  AGARD  Conference  Proceedings  No.  100,  June 

197 2 ,  Brussels,  Belgium. 

The  simplest  acquisition  task  from  the  modeling 
viewpoint  is  that  of  detection  under  conditions  in 
which  the  target  and  its  location  are  fully  learned. 
This  task  is  scored  as  a  "potential  detection 
range."  The  starting  point  for  modeling  this  task 
is  the  Tiffany  Data  (Blackwell,  19*16)  which  provides 
the  probability  of  detection  at  a  given  target  con¬ 
trast  as  a  function  of  angular  size  and  field 
brightness.  The  link  to  detection  range  is  provided 
by  appropriate  size-range  and  contrast-range  func¬ 
tions.  This  paper  illustrates  that  correspondence 
obtained  between  the  shapes  of  the  probability-range 
curves  is  good  both  for  field  and  simulated  field 
data,  but  that  actual  performance  levels  are  much 
lower  than  predicted.  A  degradation  factor  (the  "K" 
factor  of  the  title)  has  been  introduced  to  cover 
differences  between  simulated  and  direct  field  trial 
data.  The  paper  examines  the  factors  on  which  K  is 
dependent  and  describes  relevant  experiments  at  BAC 
and  the  associated  attempts  at  modeling  them.  It  is 
at  once  a  progress  statement  and  an  indication  of 
the  necessary  further  studies. 


197.  Sloan,  L.  L.  Area  rnd  luminance  of  test  object  as 
variables  in  examination  of  the  visual  field  by  pro¬ 
jection  perimetry.  Vision  R_ejsearch,  1961,  _1_*  121. 

A  modified  Goldmann  perimeter  is  used  which  provider- 
means  of  measuring,  in  any  desired  location  in  the 
field,  the  luminance  of  the  projected  test  object 
which  is  just  perceptibly  brighter  than  a  background 
of  fixed  luminance.  Data  for  normal  eyes  is  pres¬ 
ented  to  show  the  relationship  between  area  and 
threshold  luminance  and  the  variation  in  this  rela¬ 
tion  from  center  to  periphery  of  the  retina.  Simi¬ 
lar  tests  of  eyes  having  defects  in  the  visual  field 
provide  a  measure  of  the  extent  and  density  of  the 
defect  and  a  direct  test  for  abnormality  in  the 
capacity  for  areal  summation. 
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198.  Smith,  S.  W.  Visual  search  time  and  peripheral 
discrimi nabil i ty .  Journal  of  the  Optical  Society  of 
America ,  19G1,  5^,  1462  (abstract  only). 

Ten  complex  abstract  visual  displays  consisting  of 
256  circular  pseudotargets  (clutter  elements)  and 
one  target  (a  regular  polygon)  were  selected  from  a 
previous  study  to  produce  a  large  range  of  search 
times  (time  taken  by  observer  to  find  the  target). 
These  displays  differed  in  the  degree  of  similarity 
(shape,  size,  and  contrast)  between  target  and  pseu¬ 
dotargets.  When  these  search  time  data  were  com¬ 
pared  with  the  results  of  an  investigation  of  the 
discriminability  of  the  ten  target-pseudotarget  com¬ 
binations  for  peripheral  viewing,  a  large  negative 
correlation  was  obtained.  Target-pseudotarget  com¬ 
binations  which  produced  long  search  times  had  to  be 
fixated  almost  directly  to  be  differentiated, 
whereas  combinations  which  produced  short  search 
times  could  be  differentiated  out  to  26  deg  from 
f  ixations . 


199.  Smith,  S.  W.  Time  required  for  target  detection  in 
complex  abstract  visual  display.  Report  of  Project 
MICHIGAN  2900-2 35-R ,  1961. 

The  purpose  of  this  study  was  to  determine  the 
effects  on  search  time  (t)  of  two  display  variables: 
(1)  the  number  of  objects  present  in  the  display 
(N),  and  (2)  the  similarity  between  the  object 
sought  (target)  and  nontarget  objects  (pseudotar¬ 
gets).  Projected  displays  consisting  of  discrete, 
sharply  defined,  randomly  distributed  objects  were 
presented  to  a  group  of  four  observers.  The  objects 
were  considerably  brighter  than  the  field.  All 
pseudotargets  in  a  display  were  identical.  The 
equation,  log  t  =  m  log  N  +  n,  where  m  and  n  are 
slope  and  intercept  constants,  respectively,  expresses 
tne  data  quite  well  for  N  values  between  1  and  1024 
The  target  used  in  this  part  of  the  investigation  was 
a  square,  and  the  pseudotargets  were  circles  of  the 
same  contrast  and  size  (area)  as  tne  target.  The 

effects  of  differences  between  target  and  pseudotar¬ 
get  in  terms  of  size  and  contrast  were  investigated 
by  using  a  4  x  4  (size  x  contrast)  factorial  design. 
As  contrast  difference  between  targets  and  pseudo¬ 
targets  increased,  search  time  decreased.  Size  dif¬ 
ferences  had  a  similar  but  somewhat  greater  effect 
on  search  time.  In  every  case  where  the  target  and 
pseudotargets  differed  in  both  size  and  contrast, 
median  search  time  was  shorter  than  when  either  dif¬ 
ference  was  used  alone.  In  the  third  part  of  this 
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study  the  pseudotargets  were  circles  of  the  same 
contrast  and  size  as  the  targets.  The  targets  used 
were  regular  polygons:  triangle,  square,  pentagon, 
and  hexagon.  Search  time  increased  regularly  as  the 
number  of  sides  of  the  target  increased. 


200.  Snyder,  H.  L.  Modulation  transfer  function  area  as  a 
measure  of  image  quality.  Visual  Search ,  Symposium 
conducted  at  the  Spring  Meeting,  1970,  Committee  on 
Vision,  National  Research  Council,  National  Academy 
of  Sciences.  Washington:  1973. 

Many  of  the  problems  in  operational  use  of  imaging 
or  viewing  systems  have  been  attributed  to  the  gross 
incompatibility  between  the  quality  (and  often  the 
quantity)  of  imagery  produced  and  the  capabilities 
and  limitations  of  the  observer.  In  order  to  reduce 
the  number  of  relationships  between  performance  of 
the  interpreter  and  image  quality,  several  studies 
have  attempted  to  find  a  summary  measure  of  image 
quality,  one  to  which  several  design  variables  may 
be  reduced.  The  strong  promise  of  the  MTFA  measure, 
as  demonstrated  by  Borough  et  al.  ,  coupled  with  the 
applicability  of  MTFA  to  electronic  and  electroopti- 
cal  imaging  systems  of  a  wide  variety,  led  Boeing  to 
collect  the  information  extraction  performance  data 
required  to  complete  this  work  (Borough).  This 
paper  reports  the  results  of  that  study.  The  modu¬ 
lation  transfer  function  (MTF)  simply  defines  the 
percent  original  contrast  that  is  transmitted  by  a 
system  as  a  function  of  the  spatial  "closeness"  of 
two  elements  in  the  original  object  plane.  The  MTFA 
is  the  area  bounded  by  the  system  MTF  curve,  some 
arbitrary  low-frequency  cut-off  (if  used),  and  the 
detection  threshold  curve  for  the  combination  of  the 
human  observer  and  the  imaging  system.  Thus,  the 
system  MTF  is  rigorously  defined  in  the  absence  of 
noise,  whereas  the  detection  threshold  curve 
includes  all  display,  environment,  and  visual  capa¬ 
bility  factors.  One  of  the  advantages  of  MTFA  is 
that  it  lends  itself  to  analytical  prediction  at  an 
early  stage  in  the  design  of  any  imaging  system. 
Further,  it  is  easily  verified  in  the  laboratory 
when  the  detection-threshold  curve  is  known. 


201.  Snyder,  H.  L.  Dynamic  visual  search  patterns.  V i sual 
Search,  Symposium  conducted  at  the  Spring  Meeting, 
1970,  Committee  on  Vision,  Division  of  Behavioral 
Sciences,  National  Research  Council,  National  Acad¬ 
emy  of  Sciences.  Washington:  1973. 
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The  data  obtained  in  this  study,  although 
exploratory  in  nature,  permit  the  following  conclu¬ 
sions:  (1)  The  search  process  is  largely  cognitive 
and  involves  detailed  visual  pattern-matching  only 
as  a  final  verification  of  target  identity.  (2)  The 
characteristics  of  the  surrounding  terrain  and  its 
associated  cultural  features  are  at  least  as  impor¬ 
tant  as  the  characteristics  of  the  target  itself. 
(3)  Superior  target  acquisition  performance  is  asso¬ 
ciated  with  shorter  dwell-times.  (4)  The  search 
behavior  exhibited  here  is  inadequate  for  detecting 
off-flight  path  targets  due  to  restricted  angular 
area  in  which  fixations  occurred.  (5)  With  regard 
to  development  of  a  mathematical  model  of  visual 
search,  the  following  implications  should  be  noted; 
first,  fixation  durations  of  0.3  to  0.4  s  are 
approximately  invariant  with  target  type,  target 
range,  and  likelihood  of  acquisition;  second,  the 
probability  that  a  fixation  will  fall  on  any  partic¬ 
ular  portion  of  the  image  is  highly  dependent  on  the 
resemblance  of  that  portion  to  the  expected  appear¬ 
ance  of  the  target  or  target  cues;  third,  the  proba¬ 
bility  of  looking  at  a  target  falls  off  rapidly  as 
the  target  departs  from  the  ground  track  or  velocity 
vector  of  the  aircraft.  (6)  Training  techniques 
that  reduce  dwell-times  are  likely  to  increase  the 
range  of  target  acquisition;  some  operational  ad.an- 
tages  might  be  obtained  for  the  military  in  this 
manner . 


Snyder,  H.  L.  and  Greening,  C.  P.  The  effect  of 
direction  and  velocity  of  relative  motion  upon 
dynamic  visual  acuity.  Autonetics,  Division  of 
North  American  Aviation  Report,  January  1965. 

In  this  study,  human  dynamic  visual  acuity  was  rela¬ 
ted  to  relative  stimulus  velocity  when  the  stimulus 
motion  contained  a  vector  of  motion  toward  the 
observer.  The  specific  parameters  investigated,  and 
their  effects  upon  visual  acuity,  were:  (1)  Direc¬ 

tion  of  Stimulus  Motion  Across  the  Re t ina . --Lower 
acuity  thresholds  were  obtained  in  the  horizontal 
plane  (0  deg)  of  motion  than  in  the  vertical  plane 
(90  deg).  Proportional  increases  in  30  and  60  deg 
planes  were  found.  (2)  Angular  Velocity  of  the 
Stimulus  Perpendicular  to  the  Line  of  Sight. --As  the 
velocity  increases  from  zero  to  two  radians  per  sec¬ 
ond,  the  visual  acuity  threshold  increases  exponen¬ 
tially  from  1.00  to  over  3.00  minutes  of  arc.  This 
rate  of  increase  is  greater  as  the  plane  of  motion 
changes  from  horizontal  to  vertical.  (3)  Rate  of 
Approach  of  the  Stimulus  Directly  Toward  the 


Ob  server . --The  visual  acuity  threshold  increases  as 
the  rate  of  approach  increases  from  zero  to  4.5  ft 
per  second.  (4)  Exposure  Time  of  the  Stimu¬ 
lus. --Lower  thresholds  were  obtained  with  a  6/60  s 
exposure  time  than  with  either  2/60  or  4/60.  The 
latter  two  did  not  differ  significantly.  (5)  Stimu¬ 
lus  Pattern . --Lower ,  more  reliable  thresholds  were 
obtained  with  the  Snellen  E  than  with  either  the 
Landolt  C  or  the  Bausch  &  Lomb  checkerboard.  The 
results  were  discussed  in  terms  of  their  appplica- 
tion  to  object  recognition  from  automobiles  and 
low-altitude,  high-speed  aircraft. 


203.  Stone,  Lawrence  D.  Theory  of  optimal  search .  New 
York:  Academic  Press,  1975. 

This  book  deals  with  the  problem  of  optimal  alloca¬ 
tion  of  effort  to  detect  a  target.  A  Bayesian 
approach  is  taken  in  which  it  is  assumed  that  there 
is  a  prior  distribution  for  the  target's  location 
which  is  known  to  the  searcher  as  well  as  a  function 
which  relates  the  conditional  probability  of  detect¬ 
ing  a  target,  given  it  is  located  at  a  point  (or  in 
a  cell)  to  the  effort  applied  there.  The  allocation 
problems  considered  are  all  one-sided  in  the  sense 
that  only  the  searcher  chooses  how  to  allocate 
effort.  For  example,  the  target  is  allowed  to  move 
but  not  to  evade.  Thus,  pursuit  and  evasion  prob¬ 
lems  are  not  considered.  The  primary  focus  of  the 
book  is  on  problems  in  which  the  target  is  station¬ 
ary.  For  this  case,  we  use  a  generalized  Lagrange 
multiplier  technique.  This  method  is  also  extended 
to  find  optimal  plans  in  some  cases  involving  false 
and  moving  targets.  For  the  case  of  Markovian  tar¬ 
get  motion,  results  are,  for  the  most  part,  pres¬ 
ented  without  proof.  The  following  basic  classes  of 
search  problems  are  considered:  search  for  a  sta¬ 
tionary  target,  search  in  the  presence  of  false  tar¬ 
gets,  optimal  search  and  stop,  and  search  for  tar¬ 
gets  with  conditionally  deterministic  motion  and 
Markovian  motion. 


204.  Tanner,  W.  P.  and  Swets,  J.  A.  A  decision-making  the¬ 
ory  of  visual  detection.  Psychological 
1  954,  6l_,  401. 

This  paper  is  concerned  with  the  human  observer's 
behavior  in  detecting  light  signals  in  a  uniform 
light  background.  Detection  of  these  signals 
depends  on  information  transmitted  to  cortical  cen¬ 
ters  by  way  of  the  visual  pathways.  An  analysis  is 
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made  of  the  form  of  this  information,  and  the  types 
of  decisions  which  can  be  made,  based  on  the  inform¬ 
ation  on  this  form.  Based  on  this  analysis,  the 
expected  form  of  data  collected  in  "yes-no"  and 
"forced  choice"  psychophysical  experiments  is 
defined,  and  experiments  demonstrating  the  internal 
consistency  of  the  theory  are  presented. 


205.  Taylor,  J.  11.  Contrast  thresholds  as  a  function  of 
retinal  position  and  target  size  for  the  light-ad¬ 
justed  eye.  Vi sual  Problems  of  the  Armed  Forces. 
Ed.  by  M.  A.  Whitcomb.  Washington:  National  Acad¬ 
emy  of  Sciences,  National  Research  Council,  1902. 

Binocular  visual  thresholds  for  circular  targets  of 
positive  contrast  and  several  angular  sizes  have 
been  measured  at  various  positions  in  the  binocular 
visual  field.  A  relatively  high  (75  f oot-Lamber ts ) 
adapting  luminance  was  used,  and  the  target  duration 
was  always  0.33  s,  chosen  as  typical  of  the  dwell- 
time  used  in  visual  search.  Four  young,  highly 
practiced  emmetropic  male  observers  were  used  as 
subjects  for  the  experiment.  Data  collection  pro¬ 
ceeded  by  the  conventional  "yes-no"  method  of  con¬ 
stant  stimuli.  Approximately  80,000  observations 
were  made,  and  the  resultant  fr equency-of-seeing 
curves  were  fitted  by  Gaussian  integrals,  by  use  of 
a  variation  of  tne  probit  analysis  technique  adapted 
for  computer  treatment.  The  experimental  findings 
differ,  as  anticipated,  from  other  data,  e.g., 
Blackwell  and  Moldauer  (1953),  whi^h  relate  only  to 
the  case  of  very  brief  target  flashes,  or  to  Lor.g 
target  durations.  These  differences  involve  not 
only  changes  in  the  values  of  threshold  contrast, 
but  also  an  alteration  of  the  shape  of  the  curves 
relating  threhold  contrast  to  position  in  the  visual 
field . 


206.  Taylor,  J.  H.  Practice  effects  in  the  performance  of 
a  simple  visual  discrimination  task  by  initially 
naive  observers.  University  of  California,  Scripps 
Institute  of  Oceanography  Reference  62-21,  October 
1  962. 

An  experiment  was  conducted  to  evaluate  the  offsets 
of  early  practice  during  training  in  a  simple  visin', 
discrimination  task.  Four  experimental ly  na.ve  sub¬ 
jects  completed  a  series  >f  5  a  expor  iment  i  i  ses¬ 
sions,  and  their  data,  base!  upon  threshold  est  i  - 
mates  reduced  from  60,00')  observations,  w<  se 
examined  for  both  short-term  an  I  !  ng-term  practice 
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effects.  Short-term  effects  won?  found  to  bo 
limited  to  very  early  sessions,  with  essential  sta¬ 
bility  of  sensitivity  having  been  'reached  by  the 
fifth  session.  This  result  is  consonant  with  other 
studies  of  training  effects  in  the  visual  domain. 
Long-term  effects,  up  to  the  fiftieth  session  at 
least,  we  re  not  found.  It  was  concluded  that  naive 
observers  may  confidently  be  assumed  to  have 
attainted  a  stable  level  of  performance  after  very 
few  training  sessions  in  tasks  requiring  a  single 
d i sc r im i nat ion . 


107.  Taylor,  J .  H.  Use  of  visual  performance  data  in  visi¬ 
bility  prediction.  Optics,  10(31,  h, 

5(32-5(38 . 

This  paper  is  concerned  with  certain  visual  perform¬ 
ance  data  which  are  now  available,  with  the  techni¬ 
ques  used  in  applying  these  data  to  visibility  prob¬ 
lems,  and  with  one  or  two  examples  in  which  it  has 
recently  been  verified  that  these  techniques  lead  to 
useful  predictions.  Some  of  the  most  useful  visual 
performance  data  are  presented ,  and  then  the  manner 
of  interrelating  them  is  shown;  some  considerations 
in  making  the  jump  from  laboratory  to  real  life  are 
listed,  and,  finally,  a  spec  j  f ie  problem  and  its 
mode  of  solution  is  described. 


208.  Taylor,  J .  !I.  Practice  effects  i  n  a  single  visual 
detection  task.  Nature,  10(3-1,  201,  (301. 

The  results  of  this  work  indicate  that,  short-term 
practice  of f ec ts--presumab l y  caused  by  habituation 
to  the  experimental  environment  and  familiarization 
with  the  response  mode — in  simple  visual  detection 
are  followed  by  long-term  and  gradual  further  reduc¬ 
tion  in  measured  threshold.  Because  of  the  moderate 
slope  of  the  second  limb  of  the  curve,  and  the  pres¬ 
ence'  of  appreciable  sess Lon-t o-sess i on  variability, 
it  is  understandable  that  long-term  effects  of  this 
sort  have  remained  undetected  in  investigations  lim¬ 
ited  to  a  small  number  of  exp«*r  i  merit  al  sessions. 


20!*.  Taylor,  .J .  H.  Factors  underlying  visual  search  per¬ 
formance.  Presented  at  N/1TO  Symposium  of  Image 

Evaluation,  Munich,  Germany,  1!)G0. 

Visual  search  may  be  regarded  as  a  special  case  of 
image  evaluation.  In  this  case,  the  image  may  be  a 
primary  one  i  n  real  <>bje--i  space  and  t.  ime  or  it  may 
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be  derived  from  some  secondary  or  '  intermediate 
imagery  or  display  in  real  time  or  with  time  either 
compressed  or  expanded  or,  as  in  the  case  of  a  pho- 
tograhic  display,  frozen.  Before  image  evaluation 
can  occur,  it  is  necessary  that  the  object  be 
detected,  that  is,  it  must  be  sufficiently  different 
from  the  background  in  which  it  is  embedded  so  that 
the  observer  becomes  aware  of  its  presence.  The 
needed  difference  between  object  and  background  may 
be  based  upon  luminance  contrast,  color  contrast, 
size,  shape,  texture,  movement,  and  temporal  charac¬ 
teristics. 


210.  ten  Doesschate,  G.  Vision  in  an  empty  field. 
Ophthalmologica ,  I960,  1 4  0 ,  i 2 2 . 

Under  conditions  prevailing  in  the  experiments,  some 
young  persons  (not  all),  when  looking  at  an  empty 
visual  field,  accommodated  in  a  slight  degree 
between  0.25  and  1.75  diopters.  Three  aged  subjects 
did  not  accommodate  under  these  conditions.  Some 
young  subjects  showed  the  same  amount  of  accommoda¬ 
tion  when  the  whole  visual  field  was  empty  (more 
than  180  deg)  and  when  the  extension  of  the  field 
was  only  20  deg.  In  some  cases,  the  same  amount  of 
accommodation  was  found  with  illuminations  of  1.2 
and  500  lux.  The  window  frame,  used  in  Method  D, 
did  not  seem  to  produce  any  accommodation  stimulus; 
neither  did  the  presence  of  the  imitation  of  an 
illuminated  dashboard.  When  the  empty  field  is 
viewed  through  colored  glasses,  the  perception  of 
chroma  gradually  diminishes  and  is  often  followed  by 
a  sensation  of  dark  gray.  In  two  oases,  there  were 
observed  periods  of  apparent  darkness. 


211.  Thomas,  F.  H.  Low  altitude  aerial  observation:  An 

experimental  course  of  instruction.  Human  Resources 
Research  Office  Technical  Report  80,  October  1962. 

The  research  objective  was  the  development  of  train¬ 
ing  methods  and  techniques  that  would  improve  the 
ability  of  the  aerial  observer  to  detect,  identify, 
and  locate  military  targets  during  low  altitude 
flight.  Potential  training  areas  identified  from  nr. 
analysis  of  data  on  the  flight  performance  of  aerial 
observers  in  a  tactically  v'ealisti°  field  test  ar-> 
visual  search,  speed  of  recognition,  geograph  i  ■  r. 
orientation,  and  target  location.  In  a  series  <f 
five  field  experiments,  methods  and  to  -ho  i  qu- 
developed  for  training  in  the  four  skill  areas  we  r.- 
administered  to  .ffi  -er  personnel  from  t.oe  ••omb.it 
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arms  who  had  had  no  previous  experience  as  aerial 
observers.  Results  showed  that  with  training  in 
visual  search  and  specific  recognition,  the  stu¬ 
dents*  in-flight  identification  improved  40%.  A 
similar  gain  was  recorded  for  the  students'  perform¬ 
ance  in  in-flight  target  location  after  they  had  had 
training  in  target  location.  After  students  had  had 
training  in  both  geographical  orientation  and  target 
location,  the  addition  of  training  in  geographical 
location  improved  performance  by  another  10%.  How¬ 
ever,  the  students'  mean  error  for  in-flight  target 
location  exceeded  200  meters  from  the  target  center. 
Student  performance  was  compared  with  that  of  expe¬ 
rienced  aerial  observers.  The  students  received  18 
hours  of  experimental  instruction  and  3  hours  of 
practice  flight,  combined  with  11  hours  of  conven¬ 
tional  instruc tion--a  total  of  32  hours.  The  major¬ 
ity  of  the  experienced  observers  had  received  the 
minimal  training  as  required  by  AR  95-51,  which 
included  78  hours  of  classroom  instruction  and  20 
hours  of  practical  flight,  and  they  had  a  median  of 
19  hours  of  flight  experience.  On  a  combat-simu¬ 
lated  test,  the  students  in  the  experimental  groups 
matched  the  experienced  observers  on  detection, 
identification,  and  location  of  targets.  All  three 
groups  combined  detected  a  mean  of  57%  of  the  27 
target  groups  contained  in  the  test.  Of  the  sepa¬ 
rate  major  items  located  within  a  target  complex, 
64%  were  detected,  and  of  those  detected,  87%  were 
correctly  identified.  In  target  location,  the  mean 
error  of  the  combined  groups  from  target  center  was 
400  meters.  On  the  basis  of  the  results  of  the 
studies,  it  is  concluded  that  the  training  methods 
and  techniques  developed  provide  more  efficient 
means  for  training  in  the  basic  skills  of  low  alti¬ 
tude  observation  than  do  currently  available 
methods . 


212.  ThomaSjF.  H.  and  Caro,  T.  H.  Training  research  on  low 
altitude  visual  aerial  observation:  A  description 

of  five  field  experiments.  Task  OBSERVE  Research 
Memorandum  8,  U.S.  Army  Aviation  Human  Research 
Unit,  U.S.  Continental  Army  Command,  Fort  Rucker, 
AL,  1962. 

This  memorandum  reports  five  field  experiments  con¬ 
ducted  by  the  U.S.  Army  Aviation  Human  Research 
Unit,  under  Task  OBSERVE.  This  task  was  initiated 
in  late  1957  in  response  to  a  request  from  the 
Department  of  the  Army  and  the  United  States  Conti¬ 
nental  Army  Command  to  conduct  an  aerial  observation 
training.  The  purpose  of  the  task  is  to  develop 
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improved  methods  for  training  human  air  observers. 
Four  basic  skill  areas  which'  underl  ied  aerial  obser¬ 
vation  performance  wore  identified:  visual  search, 
speed  of  target  recognition,  geographical  orienta¬ 
tion,  and  target  location.  The  five  field  experi¬ 
ments  of  this  task  are  summarized  in  another  Techni¬ 
cal  Report.  This  research  memorandum  provides  a 
detailed  description  of  these  experiments.  Experi¬ 
ment  1  compares  the  effectiveness  of  four  visual 
search  methods.  Experiments  2  and  2  relate  class¬ 
room  speed  of  recognition  training  to  in-flight 
observation  performance.  Experiment  4  is  concerned 
with  improving  the  ability  of  the  aerial  observer  to 
remain  geographically  oriented  while  in  flight. 
Experiment  5  is  directed  toward  improving  the  accu¬ 
racy  with  which  the  airborne  observer  can  locate  the 
position  of  ground  targets  on  his  map.  Participa¬ 
tion  in  these  experiments  was  limited  to  the  mili¬ 
tary  group  most  likely  to  receive  the  prescribed 
training.  Accordingly,  the  population  sampled  con¬ 
sisted  of  young  officers  from  the  three  combat  arms 
(infantry,  armor,  artillery)  who  had  no  previous 
aerial  observation  experience.  The  available  pool 
at  each  military  installation  visited  (consisting  of 
20  to  42  officers)  was  administered  a  pro-experimen¬ 
tal  test  to  determine  the  initial  proficiency  for 
that  activity  to  be  measured  by  post-oxper imental 
testing.  On  the  basis  of  initial  scores ,  subjects 
were  assigned  to  experimental  groups  of  mat-died  dis¬ 
tribution  . 


213.  Thornton,  C.  L,  Barrett,  G.  V.,  and  Davis,  J.  A. 

Field  dependence  and  target  identification.  Human 
Factors ,  1968,  U3,  49:5. 

Target  identification  has  usually  been  studied  with 
respect  to  environmental  parameters  which  affect  the 
performance  of  the  "human  operator."  Rather  than 
use  this  method,  which  treats  individual  differences 
as  sources  of  error,  the  investigators  studied  indi¬ 
vidual  differences  and  related  them  to  Within' s  con¬ 
cept  of  perceptual  style.  Witkin  and  his  associates 
were  able  to  differentiate  subjects  on  their  ability 
to  pull  a  visual  item  from  an  embedded  context.  Two 
experiments  were  conducted  using  the  Embedded  Fig¬ 
ures  Test  (EFT)  as  a  measure  of  perceptual  style. 
Significant  correlations  between  perceptual  styles 
and  the  ability  to  correctly  identify  targets  in 
aerial  photographs  were  found.  Since  a  great  deal 

of  research  has  been  conducted  in  the  area  of  per¬ 
ceptual  style,  it  is  possible  to  utilize  this 
research  in  connection  with  problems  associated  with 
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t argot  identi f icat Lon  .  Implications  in  tho  areas  of 
oxporimont.nl  design,  selection,  and  training  „v«*ro 
d i sc  ussod . 

i 


214.  Town  so  nd ,  C.  and  Mace,  -J .  Sighting  range  of  targets 

against  tho  night  horizon  sky.  Report  R67KLS-24, 
March  1967. 

A  series  of  graphs  have?  boon  prepared  giving  the 
sighting  range  of  targets  viewed  against  the  horizon 
sky  at  night  versus  horizon  sky  Luminance.  \  range 
of  target  sizes,  t a rge t- to-bn ckg round  contrasts,  and 
meteorological  ranges  are  considered  for  the  case  of 
955  detect  ion  probabi 1 i ty  . 


215.  Van  Cott,  H.  P.  and  KLnkade,  R.  5.  (Eds.)  Human  engi_- 
neering  guide  to  equipment  design.  New  York: 
McGraw-H i 1 1  Book  ~Co .  ,  197  5 . 
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216.  Vicory,  A.  C.  A  brief  history  of  aircraft  identifica¬ 
tion  training.  Human  Resources  Research  Of  f ice , 
George  Washington  University,  Professional  Paper 
27-6S ,  August  1968. 

This  paper  presents  a  selective  review  of  previous 
and  contemporary  methods  of  teach i ng  aircraft  recog¬ 
nition  to  personnel  manning  forward  area  air  defense 
weapons.  Methods  in  use  since*  about  1940,  including 
tiie  WEFT  System  (image-analysis  concept),  tho  Ren- 
shaw  System  (whole-image  concept),  the  modified 
WEFT-Renshaw  System  (learning  of  aircraft  features), 
and  a  IlumRRO  method  arc1  examined.  llumRRO  research 
designed  to  coordinate1  studios  of  training  with  gen¬ 
eralization,  retention,  and  transfer  in  order  to 
provide  a  better  assessment  of  training  effective¬ 
ness  is  described. 


217.  Volkmann,  F.  C.  Vision  during  voluntary  saccadic  eye 
movements.  ^urnal  9.1  the  Opti_e.nl  Society  of  Amer¬ 
ica,  1962,  52,  571-578. 

Vision  seems  to  be  a  continuous  process  oven  though 
eye  movements  occupy  a  portion  of  the  time  spent  in 
reading  or  inspecting  objects  in  the  field  of  view. 
This  observation  has  led  to  the  supposition  that,  a 
"blanking  out"  of  vision  occurs  witii  saccadic  ,.y,. 
movements.  Some  workers  attribute  this  effect  to 
tiie  rapid  motion  of  tho  image  on  the  retina.  Others 
have  suggested  a  central  inhibition,  possibly  rela¬ 
ted  to  the  physiological  mechanisms  of  all  ‘nt ion. 
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The  present  research  compared  vision  during  saccades 
with  vision  during  fixation  by  means  of  three  repre¬ 
sentative  psychophysical  tasks.  Each  stimulus  pat¬ 
tern  was  presented  to  the  fovea  in  the  form  of  an 
instantaneous  flash  that  was  delivered  before,  dur¬ 
ing,  or  after  an  eye  movement.  The  flash  lasted 
only  20  jjsec,  so  that  retinal  blur  due  to  movement 
was  reduced  to  a  negligible  amount.  The  time  of  the 
stimulus  flash  was  signaled  on  a  continuously  moving 
film  on  which  the  eye  movements  were  recorded  by  a 
corneal  reflection  technique.  Detection  thresholds 
for  dot  patterns  and  recognition  thresholds  for 
words  were  found  to  be  about  0.5  log  units  higher 
during  saccades  than  during  steady  fixation.  Simi¬ 
lar  differences,  though  smaller  and  less  consistent, 
were  found  for  the  minimum  angles  for  the  resolution 
of  gratings.  It  is  concluded  that  vision  is  not 
"blanked  out"  during  eye  movements,  but  that  it  is 
significantly  depressed  even  under  conditions  that 
minimize  blur  due  to  movement  of  the  retinal  image, 
and  that  assure  foveal  stimulation. 


218.  Volkmann,  F.  G. ,  Schick,  A.  M.,  and  Riggs,  L.  A.  Time 
course  of  visual  inhibition  during  voluntary  sac¬ 
cades.  Journal  of  the  Optical  Society  of  America, 
1968,  58,~5F2: 

Partial  inhibition  of  vision  occurs  during  voluntary 
saccadic  eye  movements.  This  paper  reports  its  time 
course,  measured  by  detection  of  a  target  flashed  at 
various  times  in  relation  to  the  saccade.  One  value 
of  stimulus  luminance  was  chosen  which  was  nearly 
always  detected  by  the  fixating  eye,  but  hardly  ever 
by  the  moving  eye.  A  dot  pattern  was  presented  to 
the  fovea  in  6  ms  flashes  of  this  luminance  under 
photopic  viewing  conditions.  Photographic  records 
of  each  saccade  made  by  the  subject  and  each  stimu¬ 
lus  flash  permitted  analysis  of  the  precise  time  of 
occurrence  of  the  flash  in  relation  to  the  saccade. 
Under  these  conditions,  curves  from  three  subjects 
showed  that  detection  decreases  to  50%  for  a  flash 
occurring  about  20  ms  before  the  onset  of  the  sac¬ 
cade  and  reaches  a  minimum  such  that  vision  of  the 
flash  is  almost  completely  absent  when  it  occurs 
during  the  saccade.  Detection  then  begins  to 
improve,  reaching  the  50%  point  again  for  a  flash 
occurring  about  75  ms  after  the  onset  of  the  eye 
movement.  Results  are  compared  with  other  studies 
which  employed  different  viewing  conditions,  and  the 
use  of  the  data  to  support  a  notion  of  partial  cen¬ 
tral  inhibition  is  evaluated. 
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219.  Vos,  J.  J.,  Lazet,  A.  and  Bouman,  M.  A.  Visual 
contrast  thresholds  in  practical  problems.  .Journal 
of  the  Optical  Society  of  America,  1956,  46, 

1065-1068. 

Contrast  thresholds  measured  with  dots  and  Landolt 
rings  are  given  as  a  function  of  object  size  and 
brightness  for  31  observers.  The  desirability  of 
presenting  upper  and  lower  threshold  curves  is 
pointed  out.  Differences  with  the  experiments  of 
Blackwell  are  discussed.  The  influence  of  training 
(in  threshold  determination)  is  shown  to  bo  negligi¬ 
ble. 


220.  Walker,  J.  T.  Lythgoo's  visual  stereophenomenon  in 
the  natural  environment:  A  possible  factor  in  air 

and  highway  accidents.  Human  Factors,  1974,  16, 

134-138. 

The  path  of  a  horizontally  moving  object,  when 
viewed  binocularly,  appears  distorted  if  a  light 
shines  in  only  one  of  the  observer's  eyes.  The 
image  in  the  lighted  eye  has  a  shorter  visual 
latency  period  than  the  image  in  the  other  eye,  and 
this  temporal  difference  between  image  latencies 
translates  into  an  apparent  spatial  difference 
between  image  positions--  binocular  disparity--whieh 
results  in  the  apparent  depth  displacement  of  the 
moving  object.  In  the  natural  visual  environment, 
one  eye  can  be  lighted  by  the  sun  while  the  other  is 
shaded  by  the  nose,  and,  thus,  distortions  may  be 
produced  in  the  apparent  paths  of  air  lanes,  or  of 
traffic  moving  on  the  ground.  The  roles  that  such 
distortions  may  play  in  some  air  and  highway  acci¬ 
dents  have  not  been  considered  previously. 


221.  Weber,  0.  Statistical  and  flight  dynamic  studies  on 
conflict  detection  and  resolution  in  civil  aviation. 
Royal  Aircraft  Establishment,  Library  Translation 
1903,  May  1977. 

The  report  deals  with  theoretical  studies  in  the 
field  of  statistics  and  flight  mechanics  concerning 
conflict  detection  and  resolution  by  the  "see  and 
avoid"  concept.  American  and  German  statistics  on 
mid-air  and  near  mid-air  collisions  are  discussed. 
For  flights  without  acceleration,  basic  geometrical 
and  physical  aspects  of  conflict  detection  arc 
derived  and  details  given  on  the  angles  of  vision 
from  the  pilot  to  the  other  aircraft  and  on  "blind 
spots."  Horizontal  evasive  maneuvers  are  analyzed 
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in  detail  and  their  ef fee t  iveness  is  presented  in 
many  graphs  which  can  be  used  for  numerous  tasks. 
Two  observation  error  models  arc1  described  and  their 
influences  on  the  distances  estimated  where  horizon¬ 
tal  evasive  maneuvers  are  possible.  Vertical  maneu¬ 
vers  are  treated  concisely  and  some  tentative  sug¬ 
gestions  for  the  improvement  of  flight  safety  are 
made . 


222.  Weissman,  S.  and  Freeburne,  C.  M.  Relationship 
between  static  and  dynamic  visual  acuity.  Journal_ 
of  Experimental  Psychology .  19G5,  70,  111. 

Research  in  the  area  of  dynamic  visual  acuity  (OVA) 
has  pointed  out  a  controversy  as  to  the  nature  of 
the  relationship  between  DVA  and  static  acuity. 
This  study  tried  to  answer  the  following  questions: 
(1)  Is  there  a  relationship  between  static,  acuity 
and  DVA  at  any  speed?  (2)  If  there  are  relation¬ 
ships  at  different  speeds,  arc1  they  different  kinds 
of  relationships?  Thirty  women,  college1  students, 
were  given  6-speod  (20,  60,  90,  120,  and  180/s)  and 
1  static  measure  of  acuity.  Thresholds  for  the1 
first  4  speeds  were  found  to  show  a  significant  lin¬ 
ear  relationship  with  the  static  acuity  thresholds. 
The  relationship  disappeared  at  the  2  highest  speed 
thresho Ids . 


223.  Westheimer,  G.  Eye  movement  responses  to  a  horizon¬ 
tally  moving  visual  stimulus.  AMA  Arch i ves  of 
Opthalmology ,  1956,  932-941.  . . 

A  number  of  eye  movement  responses  to  moving  visual 
stimuli  have  been  recorded  photographically  under 
conditions  in  which  it  is  reasonab 1 e  to  expect  the 
exclusion  of  factors  involving  the?  higher  perceptual 
levels,  as  well  as  of  the?  lower  reflex  ares.  The 
inference  is  drawn  that  these?  re>sponse>s  give?  inform¬ 
ation  concerning  the  mocio  of  operation  of  what  are? 
often  called  the?  psycho-optical  rc?floxe?s.  It 
appears  that  two  basic  re?sponse  patterns  arc>  uti¬ 
lized:  saccadic;  movements  and  constant.  velocity 

following  moveme?n  ts .  The?  lat.te>r  are*  initiated  by  a 
moveme?nt  in  the  visual  fie;ld  c?r  the1  pe'roepf i r>n  of 
movement.  In  the1  original  response  to  a  moving 

stimulus,  both  typers  of  <?ye>  move’meents  appear,  and 
the?y  are  changed  d  i  se;  re*te?l  y  and  at  intervals  as  the 
d  i  f  f  f?re?ne;e'S  be?twe:ein  the1  target,  el  i  re'e;  t  i  on  and  eye 
position  deive?lop.  Whe?n  the?  target  posit  ion  is 
changed  L  nst.ant.ane>ousl  y  fre>m  'em1  position  to 
another,  the?  response  e;onsist.s  on  1  y  of  sae-.radie 
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movements.  All  responses  lag  behind  the  stimulus  by 
an  interval  of  the  order  of  a  reaction  time.  As  the 
subject  becomes  familiar  with  the  target  motion, 
he/she  is  able?  to  anticipate  the  latter.  Tin; 
reacted  time  then  becomes  elimination,  and  gradual 
accelerations  of  the  eye  movements  become  apparent 
which  do  not  otherwise  seem  to  form  part  of  the 
basic  response  pattern. 


224.  Whitcomb,  M .  A.  and  Benson,  W.  (Eds.)  Vision 
research :  Flying  and  space  travel .  Proceedings  of 

the  Spring  meeting,  NRC  Committee  on  Vision,  1904. 

Ttie  papers  presented  at  this  meeting  concerned  vis¬ 
ual  problems  related  to  low  altitude,  high-speed 
flying,  space  travel,  and  incapacitating  effects  on 
pilots  resulting  from  inadvertent  viewing  of  nuclear 
detonation  . 


225.  White,  W.  J.  and  Monty,  R.  A.  Vision  and  unusual  gra¬ 
vitational  forces.  Y.i_s;ual  Capabilities  in  the  Space 
Environment .  Ed.  by  C.  A.  Baker.  New  York:  Perga- 
mon  Press,  19G5,  G5. 

This  report  reviews  and  evaluates  the  research  and 
observations  pertaining  to  the  effects  upon  human 
vision  of  unusual  gravitational  forces,  which  will 
be  encountered  in  space  flight  operations. 
Increased  g  and  null  gravity  are  the  major  topics  of 
discussion.  Within  each  topic,  the  gross  and  quali¬ 
tative  changes  in  vision  are  discussed  first.  Quan¬ 
titative  and  analytical  studies  are  next  reviewed, 
ranging  from  the  application  of  threshold  methods  of 
psychophysics  to  the  performance  of  flying  tasks 
such  as  dial  reading.  Operational  experience  of  the 
astronauts  is  included.  Techniques  for  ameliorating 
the  undesirable  effects  of  acceleration  and  null 
gravity  are  summarized. 


226.  Whiteside,  T.  S.  C.  Accommodation  of  the  human  eye  in 
a  bright  and  empty  visual  field.  J.  Physiol .  ,  1952, 
118,  65. 


An  investigation  is  being  carried  out  to  determine 
whether,  in  the  presence  of  a  bright  field  of  vision 
in  which  there  is  no  detail  to  fixate,  accommodation 
can  be  relaxed  voluntarily  to  infinity.  The  method 
consist;;  of  employing  a  test  object  which  is  so 
small  as  to  be  visible  only  when  it  is  near  the 
point  at  which  the  eye  is  focused.  Ttiis  test  object 
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consists  of  a  gLass  plate  on  which  Is  a  regular 
pattern  of  black  spots,  each  of  which  subtends 
1/2-1'  of  arc.  The  test  is  observed  through  a  +41) 
lens,  by  means  of  which,  when  the  spots  arc?  out  of 
focus  and  therefore  invisible,  the  subject  is  pres¬ 
ented  with  an  empty  field,  the  brightness  of  which 
is  180  f oot-Lamberts .  The  subject  views  the  empty 
field  binocularly,  although  recognition  of  the;  test 
object  is  monocular.  The  experimental  procedure’ 
consists  of  telling  the  subject  to  "look  in  the  dis¬ 
tance"  whilst  the  test  object  is  slowly  brought 
toward  him.  The  test  object  is  always  suddenly  and 
clearly  recognized,  although  the  direction  from 
which  it  comes  is  unchanged  and  familiar  to  the  sub¬ 
ject.  The  results  are  calibrated  by  placing  a  fixa¬ 
tion  spot  at  predetermined  distances  and  noting  at 
which  point  the  test  objects  become  visible.  Ten 
subjects  were  examined,  and  it  was  found  that, 
although  an  attempt  was  being  made  to  relax  accommo¬ 
dation  to  infinity,  a  mean  of  1.7D  was  being  exerted 
within  10  s  of  looking  at  a  point  12-18"  away.  Pro¬ 
gressive  relaxation  took  place  until  after  about  45 
s  a  mean  of  1.16D  was  reached.  Beyond  this,  there 
was  little  improvement  in  relaxation.  The  majority 
of  the  subjects  were  slightly  hypermetropic,  the 
mean  value  of  the  far  points  being  -0.06  0  (standard 
deviation  0.619).  The  problem  appears  to  have  some 
bearing  to  the  findings  of  Campbell  and  Primrose 
(1952)  that  under  seotopie  conditions  there  was  a 
failure  to  relax  accommodation  to  infinity. 


227.  Whiteside,  T.  C.  D.  The  problems  of  vision  iai  fl_igjU 
at  high  al t i tudes .  London:  Butterworth  Scientific 

Publications,  1957. 

"Flight  at  high  altitude"  refers  in  general  to 
flight  in  the  stratosphere  or  ’n  the  upper  limits  of 
the  troposphere.  It  does  not  refer  to  a  specific 
height  above  sea  level,  but  it  always  means  flight 
above  cloud.  In  practice,  the  altitude  at.  which 
observations  were  made  was  generally  about  40,000 
feet,  but  the  findings  can  also  be  applied  to  flight 
outside  the  earth's  atmosphere.  "Tin'  problems  of 
vision"  dealt  with  are  those  whi^h  give  rise  to 
immediate  difficulty  in  seeing.  Whilst  som"  are 
common  to  lower  altitudes,  most  of  the  problems 
investigated  appear  at  present  to  be  peculiar  to 
high  altitude.  With  one  exception,  the  problems 
dealt  with  do  not  arise  from  speed  and  so  the  craft 
in  which  these  problems  arise  may  be  either  balloon, 
civil  transport,  or  high  performance  fighter.  The 
problems  investigated  affect,  only  those  whose  dut  ies 
require  them  to  look  out  on  the  high  altitude  scene. 
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problems  investigated  affect  only  those  whose  duties 
require  them  to  look  out  on  the  high  altitude  scene. 


228.  Whiteside,  T.  D.  C.  Visual  perception  of  movement. 

Flying  Personnel  Research  Committee,  FPRC/Memo  191. 
Lecture  given  at  the  Royal  College  of  Surgeons  of 
England,  Edridge  Green  Lecture,  August  1963. 

The  controversial  question  of  the  visual  perception 
of  motion,  which  has  been  for  so  long  attracting 
biologists,  and  which  indeed  formed  the  basis  of  the 
school  of  Gestalt  psychologists,  is  of  interest  to 
the  clinician  whose  patient  reports  false  movement 
of  the  visual  field,  to  the  psychologist  who  seeks 
to  explain  abberations  of  perception,  and  to  the 
biologist  concerned  with  the  applications  of 
research  to  the  problems  involving  the  control  of 
vehicles,  either  terrestrial,  airborne,  or  even 
astronautic.  Although  the  question  has  frequently 
been  the  subject  of  discussion,  the  time  is  maybe 
ripe  to  reconsider  possible  mechanisms,  particularly 
in  the  light  of  recent  experimental  work  and  neuro¬ 
physiological  concepts.  The  term  "visual  perception 
of  movement"  will  be  employed  to  refer  to  movement 
which  an  observer  sees  as  taking  place  relative  to 
himself.  The  visual  information  that  such  movement 
is  taking  place  can  be  obtained  in  three  ways.  It 
can  come  first  through  changes  in  the  retinal  image, 
for  example,  as  it  glides  over  the  retinal  mosaic; 
or  it  can  come  through  changes  in  position  of  the 
eye,  or  again  it  may  occur  as  an  aftereffect  of 
either  of  these  stimuli.  This  being  so,  it  may  make 
for  ease  of  handling  of  the  subject  if  it  is  consid¬ 
ered  under  two  main  headings:  first,  movement 

the  visual  field;  secondly,  movement  o_f  the  visual 
field.  If  this  relative  motion  is  uniform,  and  in  a 
straight  line,  then  only  vision  can  detect  it  posi¬ 
tively,  although  it  may  be  inferred  by  other  cues 
such  as  air  movement  on  the  fact,  or  by  the  doppler 
effect  produced  by  a  passing  sound.  On  the  other 
hand,  the  stimulus  of  acceleration,  or  changing 
velocity,  gives  rise  to  sensations  of  movement  of 
vestibular  or  proprioceptive  origin  which  together 
with  reflex  ocular  effects,  gives  rise  to  a  group  of 
visual  sensations  of  movement  usually  referred  to  as 
illusions.  The  term  "illusory  movement,"  however, 
is  probably  best  limited  to  the  third  group  in  which 
movement  is  seen,  although  there  is  no  demonstrable 
objective  change  either  in  the  position  of  the 
observer's  eye  or  in  the  relative  position  of  the 
test  object.  Thus,  the  situation  in  which  an 
observer  in  a  stationary  train  sees  another,  but 
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moving,  train  and  falsely  believes  that  he  himself 
is  moving,  is  often  called  "illusory  movement."  But 
it  is  not  the  visual  movement  which  is  illusory,  for 
that  relative  movement  is  real  and  if  the  accelera¬ 
tion  on  a  purely  hypothetical  railway  is  subthres¬ 
hold,  then  there  is  no  information  on  which  it  is 
possible  to  decide  whether  one  is  really  moving. 
This  is,  therefore,  rather  a  case  of  mistaken  iden¬ 
tity  than  one  of  illusory  movement. 


229.  Wierwille,  W.  W.  and  Williges,  R.  C.  Survey  and  anal¬ 
ysis  of  operator  workload  assessment  techniques. 
Sy stemetr ics ,  Inc.  Technical  Report  S-78-101,  Sep¬ 
tember  1  978. 


230.  Williams,  L.  G.  Target  conspicuity  and  visual  search. 
Human  Factors ,  1966,  8,  80-92. 

A  general  measure  of  target  conspicuity  is  proposed 
for  predicting  the  level  of  search  performance  as  a 
function  of  spatial  and  temporal  variables.  The 
probability  of  locating  a  target  is  shown  to  depend 
on  two  factors:  target  conspicuity,  the  rate  at 
which  the  observer  can  scan  the  field,  and  informa¬ 
tion  input  rate,  the  rate  at  which  the  field  is 
presented  to  the  observer.  Predictions  of  the 
effects  of  such  factors  as  size,  scale,  rate  of 
movement,  and  time  available,  are  made  for  recon¬ 
naissance  displays.  Some  experimental  support  is 
pr  esented . 


231.  Williams,  L.  G.  Studies  of  extrafoveal  discrimination 
and  detection.  Visual  Search ,  Symposium  conducted 
at  Spring  Meeting,  1970,  Committee  on  Vision, 
National  Research  Council,  National  Academy  of  Sci¬ 
ences,  Washington,  D.  C.,  1973- 

Because  it  is  found  useful  to  distinguish  between 
two  kinds  of  acquisition,  two  kinds  of  search  tasks 
are  perceived,  two  models  of  the  search  process,  and 
two  experimental  paradigms.  In  the  first  type  of 
acquisition,  targets  are  supe r thr esho  Id  extrafo- 
veally.  By  this  is  meant  that  an  object  several 
degrees  away  from  the  subject’s  line  of  sight  is 
recognized  as  a  potential  target  (that  is,  a  member 
of  the  target  class).  In  the  second  type  of  acqui¬ 
sition,  the  target  is  at  threshold  ex t ra fo veal  1  y 
because  it  is  small,  its  contrast  is  low,  or  it  is 
embedded  in  the  background  structure.  In  the  pres¬ 
ent  discussion,  we  shall  consider  only  suprathres- 
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the  subjects  fixate  only  those  objects  in  the 
specified  target  class.  Performance  depends  on 
extrafoveal  discriminability  of  the  target  from 
other  objects,  the  subject’s  fixation  rate,  and 
identification  difficulties  that  affect  fixation 
rate . 


232.  Williams,  L.  G.  A  study  of  visual  search  using  eye 
movement  recordings.  Supported  by  Engineering  Psy¬ 
chology  Branch,  Office  of  Naval  Research,  Technical 
Report,  March  1967. 

This  report  discussed  two  experimental  investiga¬ 
tions,  one  on  the  effect  of  target-size  specifica¬ 
tions,  the  other  on  the  effect  of  color  specifica¬ 
tion.  It  was  found  that  when  the  size  of  the  target 
was  specified  to  the  searcher,  the  likelihood  of  a 
fixation  falling  on  an  object  in  the  search  field 
depended  almost  entirely  on  the  ratio  of  the  speci¬ 
fied  target  size  to  the  object  size.  The  likelihood 
of  fixation  was  found  to  be  essentially  independent 
of  the  range  of  object  sizes  in  the  field,  the  aver¬ 
age  size  of  the  objects,  or  the  lightness  of  the 
objects  in  the  field.  The  largest  objects  in  the 
field  were  discriminated  better  than  the  other 
sizes.  Other  differences  between  sizes  were  minor. 


233.  Williams,  L.  G.  and  Bo row,  M.  S.  The  effect  of  rate 
and  direction  of  display  movement  upon  visvial 
search.  Human  Factors ,  1963,  5,  139. 

A  study  was  undertaken  to  determine  the  effects  of 
rate  and  direction  of  display  movement  upon  the  time 
to  find  an  alphabetical  target.  Subjects  searched 
for  targets  which  always  remained  present  in  a  dis¬ 
play  which  moved  but  did  not  change.  Display  speeds 
somewhat  faster  than  8  deg/sec  angular  velocity  (2 
in/sec  viewed  at  15  in)  were  associated  with  decre¬ 
ments  in  performance.  At  higher  rates  of  movement, 
search  times  for  horizontally  moving  displays  were 
lower  than  those  for  vertically  moving  displays.  It 
is  recommended  that  high-speed  displays  move  hori¬ 
zontally  when  compatible  with  other  system  needs. 


234.  Woodson,  W.  E.  and  Conover,  D.  W.  (Eds.)  Human  engi¬ 
neering  guide  for  equipment  designers,  2nd  ed . 
Berkeley,  CA:  University  of  California  Press,  1964. 
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235.  Young,  L.  R.  and  Sheena,  D.  Methods  and  designs: 

Survey  of  eye  movement  recording  methods.  Behav ior 
Research  Methods  and  Instrumentation,  1975,  7, 
397-429. 

This  paper  reviews  most  of  the  known  measuring  tech¬ 
niques  for  measuring  eye  movements,  explaining  their 
principle  of  operation  and  their  primary  advantages 
and  disadvantages.  The  five  sections  of  the  paper 
cover  the  following  topics:  (1)  types  of  eye  move¬ 
ment,  (2)  characteristics  of  the  eye  which  lend 
themselves  to  measurement  and  the  principles  and 
approaches  to  the  measurement  of  eye  movements,  (3) 
practical  methods  of  measurement  with  special  atten¬ 
tion  to  the  new  techniques,  (4)  general  considera¬ 
tions  guiding  a  selection  of  method,  and  summarising 
the  major  findings  in  a  concise  table. 


236.  Zaitzeff,  L.  P.  Visual  target  acquisition  prediction: 

A  basic  mathematical  model.  Boeing  Company  Techni¬ 
cal  Report  No.  D6-57142TN,  March  1967. 

This  document  outlines  a  mathematically  specific 
approach  to  visual  target  acquisition.  The  acquisi¬ 
tion  sequence  is  divided  into  search  and  classifica¬ 
tion  (identification)  phases  separated  by  the  act  of 
detection.  Search  is  limited  to  an  area  forward  of 
the  observer,  determined  by  his/her  visual  capabili¬ 
ties  and  by  the  physical  and  optical  characteristics 
of  the  target  and  its  surroundings.  This  area  is 
referred  to  herein  as  the  "relative"  search  area. 
Once  a  target  falls  into  a  relative  search  area,  the 
temporal  length  of  search  is  determined  by  a  detec¬ 
tion  function,  which  incorporates  target-background 
characteristics,  a  masking  function,  the  target 
(stimulus)  density,  the  extent  of  the  relative 
search  area,  and  an  average  detection  rate.  Classi¬ 
fication  time  (which  has  a  derived  minimum  of  one 
second)  is  presumed  to  be  dependent  on  target-back¬ 
ground  characteristics  and  some  measure  of  the  com¬ 
plexity  of  the  target.  The  model  predicts  probabil¬ 
ity  of  acquisition  as  a  function  of  range  for  a 
competent  and  efficient  observer  under  a  number  of 
possible  input  conditions.  Conditions  other  than 
those  specified  are  presumed  to  be  ideal.  The  pre¬ 
dicted  ranges  and  probabilities  will  be  used  to  pro¬ 
vide  comparative  data  for  validation  and  further 
development  of  the  model. 
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